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British  Westinghouse  Electric   &  Manufacturing   Co.,   Ltd.,    Norfolk 

Street,  Strand,  London,  W  1 
Crompton  &  Co.,  Ltd.,  Arc  Works,  Chi  lmsfoul. 
Greenwood  &  Batley,  Ltd..  Albion  Works,  Leeds. 
T.  Harding  Churton  &  Co.,  Ingram  Street,  Leeds. 
The  India  Rubber,  Gutta  Percha,  and  Telegraph  Works  Co.,  Ltd., 

Silvertown,  London   I-.. 
International      Electrical    Engineering    C  >,,     Chin    House,  Surrey 

Street,  London,  W.C. 
Mai  her  &  Piatt,  Ltd.  Salford  Iron  Wotks,  Manchester. 
Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 
Newton  Brothers,  Full  Street,  Derby. 
Phoenix  Dynamo  Manulacturing  Co,  Bradford,  Yorks. 


Electrical  Apparatus  (continued). 

Simplex  Steel  Conduit  Co.,  Ltd.,  20,  Bucklersbury,  London,  E  C. 
Turner,  Atherton  &  Co.,  Ltd.,  Denton,  Manchester. 

Engines  (Electric  Lighting). 

J.  &  H.  McLaren,  Midland  Engine  Works.  Leeds. 

Engines  (Locomotive). 

Baldwin  Locomotive  Works,  Philadelphia,  Pa.,  U.S.A. 
Hunslet  Engine  Co.,  Ltd.,  Leeds,  England. 
Hudswell  Clarke  &  Co.,  Ltd.,  Leeds,  England. 

Engines  (Stationary). 

Allis-Chalmers  Co.,  533,  Salisbury  House,  Finsbury  Circus,  London. 

Fraser  &  Chalmers,  Ltd.,  43,  Threadneedle  Street,  London,  E.C. 
E.  S.  Hindley  &  Sons,  11,  Queen  Victoria  Street,  London.  E.C. 
Kobey  &  Co.,  Ltd.,  Globe  Works,  Lincoln,  England. 

Engines  (Traction). 

Jno.  Fowler  &  Co.  (Leeds),  Ltd,,  Steam  Plough  Works,  Leeds. 

Engravers. 
Jno.  Swain  &  Son,  Ltd.,  58,  Farringdon  Street,  London.  E.C. 

Fans,  Blowers. 

Davidson    &    Co.,    Ltd.,    "Sirocco"    Engineering    Works,   Belfast, 

Ireland, 
James  Keith  &  Blackman  Co.,  Ltd.,  27,  Farringdon  Avenue   London. 

E.C. 
Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 
The  Standard  Engineering  Co.,  Ltd.,  Leicester. 

Feed  Water  Heaters. 
Royles,  Ltd.,  Irlani,  near  Manchester. 

Firewood  Machinery. 

M.  Glover  &  Co.,  Patentees  and  Saw  Mill  Engineers,  Leeds. 

Fountain  Pens. 

Mabie,  Todd  &  Bard,  93,  Cheapside,  London,  E.C. 

Forging  (Drop)  Plants. 

Brett's  Patent  Lifter  Co.,  Ltd  ,  Coventry. 

Forgings  (Drop). 

J.  H.  Williams  &  Co.,  Brooklyn.  New  Yoik.  U.S.A. 

Furnaces. 

Deighton's  Patent  Flue  &  Tube  Company,  Vulcan   Woiks   Pcppe. 

Road,  Leeds. 
Leeds  Forge  Co.,  Ltd.,  Leeds. 
W.  F.  Mason,  Ltd.,  Engineers.  Manchesttr. 

Gas  Producers. 

W.  F.  Mason,  Ltd.,  Engineers,  Manchester. 

Gears. 

William  Asquith,  Ltd.,  Highroad  Well  Works,  Halifax. 
Buffoline  Noiseless  Gear  Co.,  Leven-huhue,  Manchester. 
E.  Arnold  Pochin,  Croff  Street.  Pendleton,  Manchester. 

Gold  Dredging  Plant. 

Eraser  &  Chalmers,  Ltd.,  43,  Threadneedle  Street,  London,  E.C. 

Gauge  Glasses. 

J.  B.  Treasure  &  Co.,  Vauxhall  Uoad,  Liverpool. 

Hammers  (Steam). 
Davis  <s  Primrose,  Leith  Ironworks.  Edinburgh. 

Hoisting  Machinery. 

See  Conveying  Machinery. 
Horizontal  Boring  Machines. 

William  Asquith, Ltd;,  Highroad  Well  Works,  Halifax. 

Indicators. 

Dobbie  Alclnnes,  Ltd.,  41  &  42,  Clyde  Place,  Glasgow. 

Injectors. 

W.  H.  Willcox  &Co  ,  Ltd.,  23.  34,  &  36.  Southwark  Street,  London. 

Iron  and  Steel. 
Askham  Bros,  ft  Wilson,  Ltd.,  Sheffield. 
Brown,  Bayley'a  steel  Works,  Ltd.,  Sheffield. 

Consett  Iron  Co.,  Ltd.,  Consetl,  D111I1  in,  .111 1  Newcastlo-on  lytic 
Faruley  Iron  Co.,  Ltd.,  Leeds   England. 
Fried.  Krupp,  Grusonwerk,  Magdeburg  Huckau,  Germany 
Hadfiekt'i  Steel  Foundry  I  o~  Ltd  ,  Sheffield. 
|.  Frederick  Mciiing,  14,  Park  Row,  Leeds,  England. 
Parker  Foundry  Co,,  Derby. 
Walter  Scott,  Ltd.,  Leeds  Steel  Works,  Leeds,  England. 

Laundry  Machinery, 
w.   Bammersoalea  &   Sons,    i.ui.,   Engineers,    Phcenla    Foundry, 
iCeighley,  England. 
Lighting  Apparatus. 
United  Kingdom  Lighting  Trust,  Ltd., 99,  Cannon  Street,  London, 
K.C. 


@MEml 


Miscellaneous 


1,000  CANDLE  POWER 

For  Id.   per   Hour, 

Can  be  obtained  by  using  the 

KITSON   SYSTEM  of 
OIL  GAS  LIGHTING. 

Particularly      adapted      for      Engineering     Works, 
Foundries,     Dye     Works,      and     all 
Large  Shops. 


WORKING  COST  of  NINE  1,000  Candle- 
power  LAMPS  given  by  the  North-Eastern 
Marine  Engineering  Co.,  Ltd.,  of  Sunderland, 
alter  a  four  weeks'  trial  from  Sept.  1st  to 
Sept.  28th,  inclusive,  at  £8  18s.  2$d.,  or  4/5ths 
of  a  penny  per  lamp. 


Mine      Lamps     connected  to     the     Reservoir 

by   tubing     -inch   in    diameter    is   the    whole 

plant    required  to  produce  9.000  candle   power. 

This  Plant  can  be  erected  within  One  Month  from  Date  of  Order. 

THE  UNITED  KINGDOM  LIGHTING  TRUST,  L  : 


Offices :— 

99,  GANNON  STREET, 

LONDON,    E.C. 


GRIFFIN'S   LATEST   PUBLICATIONS. 


Jl'ST  OUT.     In  large  4to.  Library  Style,  half  morocco.     Beautifully  Illus'rated  with  20  Plates,  many  in  Colours.  04  Fifuies  in  the  TtM.  and  ever 

C50  pages.     Price  £l  2s.  net. 

PRECIOUS  STONES:  Their  Properties,  Occurrences,  and  Uses. 

A  Treatise  for  Dealers,  Manufacturers,  Jewellers,  and  for  all  Collectors  and  others  interested  in  Gems. 

By  Dr.   MAX  BAUER,   Professor  in  the  University  of  Marburg. 

Translated  by  L.  J.  SPENCER,  M.A.  (Cantab),  F.G.S. 

General  Contents.— General  Properties  of  Gems  :  Their  Natural  Characters, Occurrence,  Application,  and  Uses— Detailed  Description  of  Particular 
Gems:  The  Diamond,  Rubies,  Sapphires;  Emeralds.  Tourmaline*,  and  Opals:  Fci-pars,  Amahiboles,  Malachite— Xon- Mineral  Gems:  Amber,  etc.— 
Optical  Features, Transparency,  Translucency,  Opacity.  Refraction  and  Dispersion,  etc. — Appendix  :  Pearls  ;  Coral. 


JUST  OUT.     THIRD  ENGLISH  EDITION". 
With  Illustrations  and  Plates.     Handsome  Cloth.     Price  7s.  6d. 

THE  CYANIDE  PROCESS   OF  GOLD  EXTRACTION,     a  Text 

book  for  the  Use  of  Metallurgists  and  Students  at  School  of  Mines,  &c  By  JAMES  PARK,  F.G.S.,  M.Inst.  MM.. 
Professor  of  Mining  and  Director  of  the  Otago  University  School  of  Mines.  New  Zealand.  Thoroughly  Revised  and 
Enlarged.     With  additional  details  concerning  the   Siemens-Halske  and  other  recent  processes. 


JUST  OUT.     la  crown  Svo.     Profusely  Illustrated  with  Full-page  Photographs  and  numerous  Illustrations  in  the  Text 

Price  7s.  6d.   net. 

THE     ELEMENTS     OF     MINING     AND     QUARRYING.       By 

Sir  C.  LE  NEVE  FOSTER,  D.Sc,   F.R.S  ,  Professor  of  Mining,  Royal   College  of  Science:  Examiner  in   Mining 
to  the  Board  of  Education. 

In  super  royal  Svo.     Strongly  bound  in  cloth  boards.     Price  7s.  6d.  net. 

QONUS   TABLES.      For  Calculating   Wages   on   the  Bonus  or  Premium  Systems.     For 
Engineering,  Technical,  and  Allied  Trades.     By  Henry  A.  GoLDlNG,  A.M.Inst.M.E. 

London:    CHARLES     GRIFFIN    &    CO.,    Ltd.,     Exeter    Street,     Strand. 


Buyers'   Directory— (Continued). 


Lifts. 

Waygood  &  Co.,  Ltd.,  Falmouth  Road,  London,  S.E. 

Lubricants. 

Blumann  &  Stern,  Ltd.,  Plough  Bridge,  Deptford,  London,  S.E. 

The  Reliance  Lubricating  Oil  Co.,  19  &  20,  Water  Lane,  Great  Tower 
Street,  London,  E.C. 
Lubricators. 

Thomas  A.  Ashton,  Ltd.,  Norfolk  Street,  Sheffield. 

Joseph  Kaye  &  Sons,  Ltd.,  Hunslet.  Leeds. 

f  eale  &  Co..  Birmingham. 

Machine  Tools. 

George  Addy  &  Co.,  Waverley  Works,  Sheffield. 

William  Asquith,  Ltd.,  Highroad  Well  Works,  Halifax  England. 

Hy.  Berry  &  Co.,  Ltd.,  Leeds. 

Bertram's,  Ltd.,  St.  Katherine's  Works,  Sciennes,  Edinburgh. 

Cunliffe  &  Croom,  Ltd..  Broughton  Ironworks,  Manchester. 

Britannia  Engine  and  Tool  Factory,  Colchester  England. 

C.  W.  Burton  Gnffiihs  and  Co.,  1,  2,&  3,  Ludgate  Square,  Ludgate 

Hill,  London,  E.C. 
Chas.  Churchill  &  Co.,  Ltd  ,  0-15,  Leonard  Street,  London  E.C. 
Luke  &  Spencer.  Ltd.,  Broadhtath,  Manchester. 
|os.  C.  Nicholson  Tool  Co.,  City  Koad  Tool  Works,  Newcastle-on-Ty  ne. 
Northern  Engineering  Co.,  icoo,  Ltd.,  King  Cross,  near  Halifax. 
J.  Parkinson  &  Son,  Canal  Ironworks  Shipley,  Yorkshire. 
Pratt  &  Whitney  Co  ,  Hartford,  Conn.,  U.S.A. 
Rice  &  Co.  (Leeds),  Ltd.,  Leeds,  England. 
Wm.  Ryder,  Ltd.,  Bolton,  Lanes. 

Schischkar  &  Co.,  Ltd.,  65-69,  Stafford  Street,  Birmingham. 
G.  F.  Smith,  Ltd.,  South  Parade,  Halifax. 
Taylor  and    Challen,   Ltd.,  Derwent    Foundry,   Constitution    Hill, 

Birmingham. 
H.  W.  Ward  &  Co.,  Lionel  Street,  Birmingham. 
T.  W.  Ward,  Albion  Works.  Sheffield. 

West  Hydraulic  Engineering  Co.,  23,  College  Hill.  London,  E.C. 
Whitman  &  Barnes  Manufacturing  Co  ,  149,  Queen  Victoria  Street, 

London,  E.C. 
Charles  Winn  &  Co.,  St.  Thomas  Works,  Birmingham. 

Metals. 

Magnolia  Anti-Friction  Metal  Co.,  Ltd.,  of  Great  Britain,  49,  Queen 

Victoria  Street.  London,  E.C. 
Phosphor  Bronze  Co.,  Ltd,,  Southwark,  London,  S.E. 

Mircoscopes. 

W.  Watson  &  Sons,  313,  High  Holborn,  London,  W.C. 
Mining  Machinery. 

Chester,  Edward,  &  Co.,  Ltd. 

Fraser  &  Chalmers.  Ltd.,  43,  Threadneedle  Street,  London,  E.C. 

Hardy  Patent  Pick  Co.,  Ltd..  Sheffield. 

Humbolt  Engineering  Co..  Kalk,  Nr.  Cologne,  Germany. 

Ernest  Scott  &   Mountain,   Ltd.,  Electrical  and  General   Engineers, 

Newcastle-on-Tyne,  England. 
Wilfley  Ore  Concentrator  Syndicate,   Ltd.,  7-11,   Moorgate  Street, 

London,  E.C. 
Office  Appliances. 
'•Business    Engineer,"  c/o  Page's  Magazine,  Clun  House.  Surrey 

Street  Strand,  London,  W.C. 
Globe- Wernicke  Co..  Ltd.,  44,  Holborn  Viaduct,  London,  E.C. 
Library  Bureau,  Ltd.,  10,  Bloomsbury  Street,  London.  W.C. 
Library    Supply    Co.,    Bridge   House,   181,   Queen    Victoria    Street, 

London,  E.C. 
Lyle  Co..  Ltd.,  Harrison  Street,  Gray's  Inn  Road,  London,  W.C. 
Partridge  &  Cooper,  Ltd.,  191-192  Meet  Street,  London,  E.C. 
Rockwell-Wabash  Co.  Ltd..  69.  Milton  Street,  London,  E.C. 
Shannon,  Ltd.,  Ropemaker  Street.  London,  E.C. 
The  Trading  and  Manufacturing  Co.,  Ltd.,  Temple  Bar  House,  Fleet 

Street,  London,  E.C. 

Oil  Filters. 

Vacuum  Oil  Co.,  Ltd.,  Norfolk  Street,  London,  W.C 

Packing. 

Lancaster  &  Tonge,  Ltd.,  Pendleton,  Manchester. 

The  Quaker  City  Rubber  Co.,  101,  Leadenhall  Street,  London,  E.C. 

United    Kingdom   Self-Adjusling    Anti-Friction    Metallic    Packing 

Syndicate.  14.  Cook  Street,  Liverpool. 
United  States  Metallic  Packing  Co.,  Ltd.,  Bradford, 
J.  Bennett  von  der  Heyde,6,  Brown  Street,  Manchester. 

Paper. 

Lepard  &  Smiths,  Ltd.,  29,  King  Street,  Covent  Garden,  London,  W.C. 

Photo  Copying  Frames. 

J.  Halden  &  Co..  8,  Albert  Square,  Manchester. 

Photographic  Apparatus. 

Marion  &  Co.,  Ltd..  22,  23,  Bono  Square,  London.  W. 
W.  Watson  &  Sons,  313,  High  Holborn,  London,  W.C. 

Pistons. 

Lancasttr  &  Tonge,  Ltd  ,  Pendleton,  Manchester. 

Porcelain. 
Gustav  Richtcr,  Charlottenburg,  near  Berlin,  Germany. 

Printing. 

South  wood,  Smith  &  Co.,  Ltd..  Plough  Court,  Fetter  Lane.  London, 

K.(  . 

Publishers. 

Anglo  |.ip..iH   ■   Q»      !,    39,  Seething  Lane,  London,  EC. 
Association  de  la   Presse  Technique,  20,  Rue  de  la   Chancellcrie, 

Brussels,  Belgium.  „   _ 

Electroteknisk  Tidsskrift  Publishing  Co.,  Copenhagen.  N.  Sweden. 
Clnrl.s  Griffin  ft  Co.,  Lid.,  Extter  Street,  Strain!.  London,  W.C. 
New  Zealand  Mines  Record,  Wellington,  \\w  Zealand. 


Publishers  (con tinned). 

Shipping  World,  Ltd.,  Effingham    House.  Arundel  Street,  Strand, 

London    W.C. 
South  African  Mines,  Commerce,  and  Industries.  Johannesburg. 

Pulleys. 

John  Jardine,  Deering  Street,  Nottingham. 

H.  J.  H.  King  &  Co.,  Nailsworth,  Glos. 
Pumps  and  Pumping  Machinery. 

Blake  ft  Knowlcs   Steam   Pump  Works,  Ltd.,  179,  Queen  Victoria 
Street,  London,  E.C. 

Drum  Engineering  Co.,  27,  Charles  Street,  Bradford. 

Fraser  &  Chalmers,  Ltd.,  43,  threadneedle  Street,  London,  E.C. 

J.  P.  Hall  &  Sons,  Ltd.,  Engineers,  Peterborough. 

Hathorn,  Davey  &  Co.,  Ltd.,  Leeds,  England. 

Pulsometer  Engineering  Co.,  Ltd.,  Nine  Elms  Ironworks,  Reading. 

Tangyes,  Ltd.,  Cornwall  Works,  Birmingham. 
Radial  Drilling  Machines. 

William  Asquith,  Ltd.,  riiiihroad  Well  Works,  Halifax. 

Rails. 

Wm.  Firth,  Ltd.,  Leeds. 

Railway  Wagons. 

Metropolitan  Amalgamated  Railway  Carriage  &  Wagon  Co.,  Ltd. 

Oldbury,  Birmingham,  England. 
Pressed  Steel  Car  Co.,  20,  Broad  Street  House,  London,  E.C. 
W.  R.  Renshaw  &  Co.,  Ltd.,  Phoenix  Works,  Stoke-on-Trent. 

Riveted  Work. 

F.  A.  Keep,  Juxon  &  Co.,  Forward  Works,  Barn  Street,  Birmingham. 

Roof  Glazing. 

Mellowes  &  Co.,  Sheffield. 

Roofs. 

D.  Anderson  &  Son,  Ltd.,  Lagan  Felt  Works   Belfast. 
Alex.  Findlay  &  Co.,  Ltd.,  Motherwell,  N.B. 

Cliubb  &  Sons  Lock  and  Safe  Co.,  Ltd.,  128,  Queen  Victoria  Street, 
London,  E.C. 

Scientific  Instruments. 

Cambridge  scientific  Instrument  Co.,  Ltd.,  Cambridge. 
Stampings. 
Armstrong,  Stevens  &  Son,  Whittall  Street,  Birmingham. 
Thos.  Smith's  Stamping  \Vrorks,  Ltd.,  Coventry. 
Thomas  Smith  &  Son  of  Saltley,  Ltd.,  Birmingham. 

Steam  Traps. 

British  Steam  .specialties,  Ltd..  Fleet  Street,  Leicester. 
Lancaster  ft  Tonge,  Ltd.,  Pendleton,  Manchester. 

Steel  Tools. 

Saml.  Buckley,  St.  Paul's  Square,  Birmingham. 

Stokers. 

Ed.  ttennis  &  Co.,  Ltd.,  Bolton,  Lanes. 

ftieldrum  Brothers.  Ltd.,  Atlantic  Works,  Manchester. 

Stone  Breakers- 
si.  Pegg  &  Son,  Alexander  Street,  Leicester. 

Strong  Room  Doors. 

Chubb  &  Sons  Lock  and  Safe  Co.,  Ltd.,  128,  Queen  Victoria  Street. 
London,  E.C. 

Time  Recorders. 

Howard  Bros.,  10,  St.  George's  Crescent,  Liverpool. 
International    Time    Recording    Co.,    171,   Queen    Victoria   Street, 
London.  E.C. 

Tubes. 

Thomas  Piggott  &  Co.,  Ltd.,  Spring  Hill,  Birmingham. 

Tubes,  Ltd.,  Birmingham. 

Weldless  Steel  Tube  Co.,  Ltd.,  Icknield  Port  Road,  Birmingham. 

Turbines. 

G.  Gilkes  &  Co.,  Ltd.,  Kendal. 

W.  Giinther  &  Sons,  Central  Works  Oldham. 

S.  Howes,  64,  Mark  Lane,  London,  E.C. 

Empire  Typewriter  Co., 77,  Queen  Victoria  Street,  London,  E.C. 
Oliver  Typewriter  Co.,  Ltd.,  75,  Queen  Victoria  Street.  London,  E.C. 
Remington  Typewriter  Co.,  100.  Gracechurch  Street,  E.C. 
Yost  Typewriter  Co.,  50,  Holborn  Viaduct,  London,  E.C. 
Valves. 
Alley  &  Mac  Leila  11,  Ltd.,  Glasgow. 
Scot'cli  and  Irish  Oxygen  Co.,  Ltd.,  Rosehill  Wo: ks, Glasgow. 

Ventilating  Appliances. 

Matthews  ft  Y.iics,  ltd.,  Swinton,  Manchester. 

Vulcanized  Fibre. 

Mosses  ft  Mitchell,  70  &  71,  Chiswell  Street,  London,  E.C. 

"Wagons    Steam.  .... 

Thorn  wr,  iftSl  earn  Wagon  Co.,  Ltd.,  Homefield  Chtswick,  London,  W. 

Weighing  Apparah-s. 

W.  T.  Avery  &  Co.,  S>ho  Foundry,  Birmingham.  England. 
Samuel  Daniaon  &  Son,  Hunslet  Moor,  near  Leeds. 

Wells  Light. 

A.  C.  WeIN  &  Co  ,  iooa,  Midland  Road,  St.  Pancras,  London,  N.W. 

Wood  Working  Machinery. 

Kiessling's  Machine  Co.,  46,  Rivington  Street,  London,  E.C. 
Km  1  finer  ,t  Co.,  21-25,  Tabernacle  Street,  London,  E.C. 

"  Woodite." 
"WoodtW  Company,  Mltcham,  Surrey. 


The    .    ,    . 

NEW  MODEL  No.  10 

Combines    many  improvements  of   the 
utmost  importance  to  Typewriter  users, 
and    all    who     are    contemplating    the 
adoption  of    the   writing   machine,    ex- 
tending its  use,  or  replacing  old  machines 
with  new,  should  take  the  opportunity 
of  testing  the  New  Model  YOST.    Like 
all  previous  styles  it    does    incomparably  Beautiful   Work.     It   has  a  very  light 
touch,  is  an  excellent   manifolder,  and  cuts  a   good  stencil.     Seven  days'  trial  is 
permitted,  and  machines  of  any  make  are  accepted  in  part  exchange  and  liberally 
allowed  for. 

Despite  its  improvements,  and  consequent  extra  cost  of  manufacture,  the  price 
of  the  YOST  is  still  £23,  less  5  */d  for  cash,  or  list  price  by  monthly  instalments. 

Descriptive  Booklet  from    .    .     . 

The  YOST  TYPEWRITER  Co.,  Ltd., 

50,    HOLBORN    VIADUCT,    LONDON,    E.C. 


EiVii    1  rv  tl    typewriter- 


Save  £9  and  a  lot 
worry,  and  buy  an 

The  Machine   With   ALL   the     Vriting   in   Sight. 


Price 

£13    2s.   6d. 

complete. 


Contractors  to  H.M.  Government. 


NOT 
SURPASSED 

BY  ANY  MACHINE 

IRRESPECTIVE 

OP  PRICE. 


T*15  Empire  Typewriter  Company,  L,!± 

•fccaO  Office  :    77,   QUEEN  VICTORIA  STREET,  LONDON,  E.C. 


BIRMINGHAM-43,  Temple  Street. 
BRISTOL— 9,  John  Street. 
HANLEY— Post  Office  Buildings. 
LIVERPOOL -7,  South  John  Street. 


Branches  or  Agencies  :— 
MANCHESTER-49,  Corporation  Street. 
LEEDS— 17,  East  Parade. 
BRADFORD— 35,  Charles  Street. 
GLASGOW— 87,  West  George  Street. 


NOTTINGHAM-48.  Parliament  Street. 
LEICESTER— 34,  Charles  Street. 
DUBLIN-Wellington  Quay. 
And  throughout  the  World. 
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Machine  Tools 


The  Asquith  Small  Radial, 

The  MOST  ADVANCED  on  the  Market.        3  ft.  6  in.  RADIUS. 

For  Accurate  and  Rapid     .     . 

DRILLING,    BORING,   TAPPING,    and   STUDDING 
this  Machine  is  UNAPPROACHABLE. 


Speed    Gear     BOX     gives  TWELVE   CHANGES    of   Accurately 
Graded  Cutting  Speed,    obtained  in  under  THIRTY  SECONDS. 

Feed  Gear  Box 

Gives    SIX    CHANGES    of    Accurately 

Graded     POSITIVE     FEED    MOTION, 

of" 


any     of      which 
INSTANTLY. 


can       be      obtained 


No  Cones. 


Effecting  a  GREAT  SAVING  over  ordinary 
type  of  Machine,  by  enabling  speed  and  feed 
changes  to  be  obtained  without  any  waste  01 
time  ;  by  obviating  excessive  wear  and  tear 
of  belting,  and  delays  and  stoppages  con- 
sequent on  belt  repairs  ;  by  eliminating  belt 
slip  and  loss  of  power,  etc.  No  countershaft. 
Costs  less  to  fix,  less  in  power,  and  less  in 
maintenance.     No  screwkeys  required. 


INVESTIGATION    INVITED. 

It  will  pay  you  to  learn  all  about  our  Radials 
before  ordering  elsewhere. 


INQUIRIES      ESTEEMED. 


Five   First   Prize  Medals. 
Machines  from  3  ft.  6  in.  to  7  ft.  Radius.      Suitable  for  using;  the  New  High-Speed  Drills. 


WILLIAM  ASQUITH,  Ltd., 


RADIAL 
MAKERS, 


ESTABLISHED 
1865. 


Contractor*  to  HM.Wai  Department,  the 
Lords  of  the  Admiralty,  Imperial  fapaoeM 
Navy,  and  other  Foreign  Governments. 


HALIFAX,  England. 
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Rumzw. 


Machine  Tools 


r  ^ 


NILES    51=INCH    BORING    MILL. 
Nested  Gear  Feeds  to  Bars.  Independent  in  Rate  and  Direction. 


N 
I 


O 

R 

I 

N 


IVI 
1 

l_ 
L 


• 


NILES -BEMENT- POND 


CO., 


Builders  of  fttacbitie  Cools  and  €kctric  Crauellincj  Cranes. 

23-25,  Victoria  Street,  LONDON,  S.W. 


Telegrams  : 
NILIACUS.    LONDON." 


'3 


Machine  Tools 


BARDONS  &  OLIVER 
TURRET   LATHES 


No.  Ah  Turret  Lathe  with  Friction  Geared  Head,  Automatic  ChucK,  and  Wire  Feed. 

Made  in  10  distinct  sizes  taking  from  J  in.  to  A\  in.  bar. 
Plain,  Plain  Back  Geared  and  Friction  Geared  Heads. 
Mounted  on  Legs  or  Column. 

With  Wire  Feed,  Chasing  Attachment,  Extra  Capacity   Chuck,  Automatic 
Chuck  or  Forming  Tool  Slide. 


BARDONS    6    OLIVER    MAKE    TURRET     LATHES    ONLY. 


STOCK    KEPT    BY    SOLE    AGENTS 


C.W.  Burton  Griffiths  &  Co. 

I,  2,  &  3,  Ludgate  Square,  London,  E.C., 

And    at    59,    Finnieston    Street,    GLASGOW. 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


LEED5, 

ENGLAND. 

HYDRAULIC 


Riveters, 

Presses, 

Cranes, 

Punches, 

Shears, 

Hoists, 


Lifts, 
Pumps, 

Accumulators, 
Intensifies, 
Valves, 
&c.  &c. 


ABC  Code.  4th  Edition,  used. 

Telegraphic  Address:   "Press,    Leeds.' 

Telephone  Xo. :  2362. 


Northern   Engineering 
Co.  (1900),  Ltd. 

KING    CROSS,     neap 

HALIFAX. 


PLANING 
MACHINE, 
from  2  feet 
up  to  8  feet 
square. 


Machine   Tools 


Telegrams:    "MILLING,    SHEFFIELD."        for  ttK  CaUSC  atld  HlOSt  Up-tO-DatC 
National  Telephone  No.  :  985. 


HEAVY  =  = 
MACHINE 
TOOLS  =  = 


PLATE    BENDING    MACHINE. 


Also  Special  Lifting  JacK  for  Electric 
WRITE  .  .  .  Tramcars. 

GEORGE  ADDY  «5  Co., 

WAVERLEY  WORKS,  SHEFFIELD. 


3    UNIVERSAL    „,. 


flo.  of  Teeth        88 


Outside  dia. 
Pitch  approx.  |  „ 

Width  of  Face      2^  „ 
Feed  per  min.       4*  ,, 
Time  for  1  pair  of 
Cears,  2\  hrs. 


8«ins.     *>  .  *^I 


J.  PARKINSON  &  SON, 

SHIPLEY,  Yorks, 
England. 


Total  Time  for  37  Cears, 
including  setting 
machine,  changing 
blanks,  and  sharpening 
cutters,  75  hrs. 


J 


For  Gears,    Bevels,   Worm   Wheels,  Spirals, 
or  anything  in  the  gear  line,  write  to 

"BUFFOLINE"  NOISELESS  GEAR  Co., 

LEVENSHULME,  nr.  Manchester, 

WHO    ARE   THE    ENGLISH 


,  GEAR  SPECIALISTS. 
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Luke  &  Spencer,  Ltd., 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  : 

"Emery,  Altrincham." 

National  Telephone : 

'•  Altrincham  49." 


Manufacturers  of 

GRINDING  , 
and 


POLISHING 
MACHINES. 
EMERY.  .  . 
WHEELS.  . 
Etc 


Send  for  our 
Enlarged 
Catalogue, 
free    on 
Application. 


Telephone  Xo.  :  1469. 

Telegrams  •  "Tudor,   BnttJESGBAM. 


Modern   .  .  . 
Machine  Tools. 


CAPSTAN   AND    TURRET    LATHES. 
DRILLING    MACHINES. 
MILLING    MACHINES. 
BORING    MACHINES. 


H.W.WARD  &  Co. 

ONLY  ADDRESS— 

86,    Lionel    Street, 

BIRMINGHAM. 

Contractors  to  British  and  Foreign  Government* 
and  Principal  Engineering  Firms. 


I 


Machine  Tools 


CUNLIFFE  &  GROOM, 

LIMITED, 

Manchester. 


Broughton 
Lane, 


Telegrams  : 
"  LATHE, 
MANCHESTER 


ESTABLISHED    1864. 


20-in.  VERTICAL  BORINC  AND  TURNipC  MILL. 


DISC  CRINDER. 


Cunliffe  &  Croom,  Ltd.,  MANCHESTER. 


■- 


"^SS 


mBMSSSS&n-        Machine  Tools 


CHARLES  CHURCHILL  &  CO..  L 


TD. 


SOLE    AGENTS    FOR 


THE" 


Colburn"  Keyway  Cutter 


The  No.  2.  MACHINE  (illus 
trated  herewith)  cuts  Keyways 
2  in.  wide  up  to  18  in.  long, 
through  a  solid  hub,  and 
24  in.  long  in  Chambered 
or  double   hubs. 


Fuller 
Particulars 
and 

Prices  on 
Application 


*' 


LONDON  :    9  to  15,  Leonard  St.,  E.C.     BIRMINGHAM  :    2  to  10,  Albert  St. 

MANCHESTER:  2,  Charlotte  St.,  Mosley  St.   GLASGOW:  52,  Bothwell  St. 

NEWCASTLEoON-TYNE  :   Albion  Buildings,   St.  James'   St. 


Machine  Tools 


Albion  Works,   Sheffield. 


Telegrams 


"FORWARD,    SHEFFIELD." 


SEND    FOR    CATALOGUES 

(New  Issue     Post  Free. 


8  ft.  by  3  ft.  by  3  ft. 
IMPROVED  PLANING  MACHINE 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


EYWOOD  &  BRIDGE'S 

Improved  Patent 

FRICTION  CLUTCH 


A  Clutch   for  all    Drives. 


General  D«ive. 


Hundreds  of   Repeat  Orders. 

Thousands  Working. 

Complete   Clutch   Installation   our  Speciality. 

New  Work,  Go  pages.  Free 


DAVID  BRIDGE  6  Co., 

Castleton  Iron  Works,  ROCHDALE,  LANCS. 
London  Office :  35,  Queex  Victoria  Street,  E.C. 


Friction  Couplings 
and  Pulleys 

(Kings  Patent V 
Made  in  Eight  Sizes,  from 

5  to  1,000  H.P.  for 
Gas   Engine    ar>d 

Dynamo  Drivfs, 
Hoisting  and  Wire 

Drawing,  Etc. 
Prices  and  Particulars  on 
Application  to 

H.J.H.KING*C° 

EXGIN 

Nailsworth,  Clcs. 

London  Agencv  : 

P.  S.  Burr.  85.  Grace- 
church  St.,  L.C. 

Agents  for  India : 

D    Furdoonji  8?  Bros.. 
Apollo  ot..  Bombay. 


MACHINE 
TOOLS, 

SPECIALAND 
GENERAL, 

For  Engineers, 
Shipbuilders, 
Biiler  Makers, 
Cirder  Makers,  ard 
Bridge  Builders. 


EVERY  MACHINE   GUARANTEED  ACCURATELY 
MADE   AND   WELL   FINISHED. 


G.  F.  SMITH,  Ltd. 

SOUTH    PARADE, 

HALIFAX 


Telegrams: 
"  Radial,  Halifax." 
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B  2 


-v "n — p>(C" n,  m  III  Jf.  |,l 

ISfilHEir         Machine  Tools 


BERTRAMS    LIMITED 


.Jl&? 


London  Office: 

21,  Gt.  St.  HELEN'S,  E.C. 


ST.     KATHERINE'S    WORKS, 

sciennes,  EDINBURGH. 


"02  woed    STMICH7LV  i^S 

Nine=  Roller   Plate  Straightening    or 
Flattening  Machine, 


Manufacturers   of  all  kinds  of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &c.    &c. 


FORGING 
MACHINES. 


COKE    BREAKERS. 


SAWING    MACHINES. 


WILLIAM  RYDER,  Ltd 

BOLTON. 


"THE   BOLTON    BLACKSMITH.' 


.  xiv#^^^•^M^^^M^<% 


\  ^  db?iii2)ir\  &  ((SktLieKjIt^ 


} 

■7j 


"^    ^^       ^W^*i^^       ^^^»^«    ^p™^^^" 


l\ 


)z}jif-fm&  \MiLiM^@  \i&kmmm  $*«! 
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Boiler  Mountings 


BOILER  &  ENGINE  FITTINGS 


*rfc- 


WINN'S 

flew  Catalogue 

Section  D. 

Third  Edition 

NOW  READY. 


WRITE    FOR    COPY. 


IT  WILL 
SPEAK 
FOR  ITSELF. 


CHARLES  WINN  &CP 


Engineers,  BIRMINGHAM. 


f  Hydraulic  Machine  Tools 


The  West  Hydraulic  Engineering  Co., 

Head  Offices  :  23,  COLLEGE  HILL,  LONDON,  E.C. 


Manufacturers  of  Special    High   Grade   Hydraulic 

Plant  for  Arsenals,  Explosive  and  Ordnance 

Factories,  Railways  &  Engineering  Shops. 


ENGINEERING  C9 

k      23  COLLEGE  HILL 
LONDON  .E.C. 


Contractors  to  the 
Governments  of 

Great  Britain, 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

Switzerland, 

Japan, 

Chili. 

Crown  Agents  for  the 
Colonies, 

6c,  6c. 


Type    M    Spring    Testing    Machine,    arranged    for   testing   laminated    and 

volute    springs.      To    worK    from    hydraulic     pressure     mains    or     from 

special   test   pump. 
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Mining 


ERNEST  SCOTT  &  MOUNTAIN.  L 


TO. 


Branch  Offices. 
LONDON:   Norfolk   House. 
Laurence  Pountney   Lane. 
E.C. 
GLASGOW :  93.  Hope  Street. 
CARDIFF  :  8,  Working  Street. 
Sheffield,  Birmingham,  Calcutta, 
Bombay,  Shanghai,    Singapore. 
Johannesburg. 


STEAM 


DYNAMOS. 


MOTORS. 


Scott  and  Mountain  Class  K''  Generator.     400  k.»\  capacity  :  mounted  direct  on  to 
Crankshaft  of  Slow-Speed  Compound  Engine. 


Boosters. 
Mining  Pumps 

AND 

Haulage   Gears. 
Coal  Cutters. 

NEW     LISTS     NOW     READY. 


•'  Scott  and  Mountain "'  Mining  Pump.     300  galls,  per  min.  ; 
1500  ft.  bead. 


ELECTRICAL  AND  GENERAL  ENGINEERS. 


NEWCASTLE-ON-TYNE, 
ENGLAND. 
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Mining  Machinery 
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Mining  Machinery 


~\AT 


Blast    Furnace 

GAS    ENGINES 


TWO  CYCLE  CAS  ENCINES, 
RIEDLER  8L0WINC  ENCINES, 
RIEDLER   AIR  COMPRESSORS, 
RIEDLER  ELECTRIC  PUMPS, 
RIEDLER  EXPRESS  PUM.PS, 
RIEDLER  STEAM  PUM.PS, 
CORLISS  CORNISH  PUMPS, 
RAND  COMPRESSORS, 
WINDING  ENCINES, 
CORLISS  ENCINES, 
BOILER  PLANTS, 
ROASTINC,  SMELTINC,  and 

REFINING  MACHINERY. 
COMPLETE  STAMP  MILLS, 
CRUSHERS  and  PULVERIZERS, 
CONCENTRATION  MACHINERY, 
PROSPECTINC  OUTFITS, 
CYANIDE  PLANTS, 
ELMORE    OIL  CONCENTRATION 
PLANTS, 
CONDENSINC  PLANTS, 
BOILER  FEED  PUM.PS. 
RAND  ROCK  DRILLS, 
ROBINS  BELT  CONVEYORS, 
PELTON  WATER  WHEELS. 


KORTING'S    PATENT). 


500    H.P.    Kopting1    Blast    Furnace    Gas    Engine,    with 
Blowing    Cylinaer. 


Any   of  tbe   above    Catalogues 
on  Application. 


Gas  Engines  from  400  to  3,000  B.H.P 


FRASER  <?  CHALMERS,  Lm 

Mining  and  Engineering  Machinery, 
head  office:    3>    LONDON    WALL    BUILDINGS,    LONDON,    E.C. 

Works:    ER1TH,    KENT,    ENGLAND. 


^Mining  Machinery,  &c. 


EDWARD  CHESTER  &  Co.,  Ltd. 


Manufacturers  of  all  Classes  of 


MINING  MACHINERY 

Branches  :   Johannesburg,  Bulawayo,  Barberton,  Port   Elizabeth  in 

South  Africa,  and  Kalgoorlie,  Australia. 

Works:    RENFREW,    Scotland. 


HEAD    OFFICE:     120,     Bishopsgate    Street    Within,    London,    E.C. 


,•'-■': 


^Hlimmimmnimm-.! 


hit     RiSsiSaillP^i 


Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

FOR    SMITHS'    SHOPS    AND    FORGES. 

Forge    Cranes,     Hand    and     Steam. 


DAVIS  &  PRIMROSE, 

OLcitb  Sronvvoi'fcs,  EDINBURGH. 

Code  word  for  this  Machine,  "  Eyeglass."        Ai  and  ABC  Codes  used. 
Telegrams  :  "  Etna,  Leith." 


Stone   Breakers 


(Improved   Blake   Type.) 


Rollers, 
Screens, 
Gravel  Washers, 
Concrete  Mixers, 


Section  oj  Machine. 


SAMUEL  PEGG  6  SON, 


National  Telephone  104. 


Alexander   Street,   LEICESTER,    ENGLAND. 
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Cables,  &c. 


SUDDEUTSCHE  KABELWERKE  A.-G.,  Mannheim, 


SYSTEM    BERTHOUD    BOREL' 


GERMANY. 


Contractors  to  the  Imperial  6crman  Postal  Authorities. 


TELEPHONE  CABLES 

With    Paper  and   Air   Insulation. 


LEAD-COVERED  CABLES 

For  all  Tensions  up  10  40.000  vohs.  _ 

SILK-COVERED  COPPER  WIRES 


E. 

Arnold 
Pochin, 


Croff  St., 
Pendleton, 
Manchester. 


1 


FRIED.  KRUPP^ 

Aktiengssellschaft 

GRUSONWERK 

Magdeburg-Buekau. 

Complete    Plant 

FOR 

Linoleum  Factories 
India  Rubber  Factories. 

Machinery  for  the  Manufacture  of 

Lead  Cables. 


The  a  0 


Scotch  &  Irish  Oxygen  Co.,  Ltd., 

ROSEHILL  WORKS.  GLASGOW. 

Valves   for  Cas  Bottles,  Refrigerating  Plant,  etc., 
in  Bronze,  Steel,  and  Aluminium. 

Reducing  Valves.  Keys,  and   all  Fittings  for  Compressed  Gases. 


Telegrams  :  "  FILATURE. 
Telephone  :  202,  228. 


Tbs  St.  Helens  Cable  Co 


LIMITED. 


WARRINGTON. 


Our   Speciality,   DIALITE. 
A  really  waterproof  cable. 
Cheap,   light   and   flexible. 
No   danger   of   corrosion. 

We    are    also    Manufacturers    of 

Vulcanized    Rubber,    paper,    lead    covered, 
and  dry   core  cables. 

Flexible    and    cotton    covered    conductors, 
and  all  kinds  of  mechanical  rubber  goods, 

Tapes,  &c. 


London  Office:    32,  VICTORIA   STREET, 

Westminster. 


Telegrams:  "  FILATTERIO." 
Telephone  :   4270  GERRARD. 


§MMi]f  Electrical  Apparatus 


SIROCCO"  FANS  FOR  S.S.    'CELTIC.' 


"SIROCCO" 

Centrifugal 
Fans 

. .  FOR  .  . 

VENTILATION 
FORCED    DRAUGHT 
INDUCED  DRAUGHT 
HEATING, 
COOLING, 
DRYING, 
REFRIGERATION, 
DUST   REMOVAL, 
FORGE  FIRES,  etc..  etc. 


3lso  "Sirocco"  Propeller  Tans,  Furnace  Fronts,  Engines,  etc. 


Illustrated    and    Descriptive   Pamphlets 
on   Application.  *  ■*  *  * 


DAVIDSON   <S  CO.,  Ltd., 

^^%%^T^^^ll:^k^m'  "  Sirocco"  Engineering  Works,  BELFAST. 


Cf 


P.D.M. 


jj 


PHCENIX    DYNAMO 
MANUFACTURING  CO., 

BRADFORD. 


50  Kilowatt  Three  Bearing  Generator,  500  revs, 


=9 


-WMHIflElfElectrical  Apparatus 

1 Q, l**_- a r 


MJ 


£>" 


^?TON  &  CoMB^p* 


ELECTRICAL     ENGINEERS. 


ro 


FORD 


O^ 


TELEGRAMS  : 
CROMPTON.    CHELMSFORD. 


TELEPHONE  : 
CHELMSFORD   No.   2. 


ONE    OF    THIRTY    ELECTRIC    LOCOMOTIVES 

SUPPLIED    BY    CROMPTON    &    COMPANY,    LIMITED, 

TO   THE   CITY   &   SOUTH    LONDON    RAILWAY. 

MANUFACTURERS    OF 

TRACTION    GENERATORS    AND    MOTORS 

FOR    RAILWAY   AND  TRAMWAY   SERVICES. 


LONDON    OFFICE: 

SALISBURY    HOUSE,    LONDON    WALL     E.C. 


(gg) 
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DKIE If     Electrical  Apparatus 


~ 
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Electrical  Apparatus 


♦♦♦ 


♦♦♦ 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
♦♦♦♦♦♦♦♦♦♦♦♦♦ 


MOTORS, 

Opent  Protected, 
Enclosed. 


BELT  DRIVE  OR 
BACK   GEAR. 


♦♦♦ 
♦♦♦ 


♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 


♦♦♦ 


MATHER  6  PLATT,  Ltd., 

SALFORD   IRON  WORKS, 

MANCHESTER. 


♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦»♦♦♦♦»♦ 


J.   HALDEN   6  Co., 


8,  ALBERT  SQUARE, 

MANCHESTER. 


Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 

(SHAW   and   HALDEN   PATENT). 

Engineer's  Electric  Frame,  very  superior,  Arc 
Lamp  and  Lowering  (iear.  Printing  from 
Two  Tracings  53"  x  31",  at  one  operation..      £42  10    o 

Other  sizes  as  per  List  post  free  on  request. 


ADVANTAGES   OF   DUPLEX   RADIAL  PHOTO-COPYING   FRAME. 

A. — Copying  indoors  at  any  time  where  Electric  Current  is  available. 
B. — The  Frame  when  once  mounted  on  the  Pedestal  remain!  there. 
C. — Immunity  from  accident  ensured   by   the   Frame  remaining  >>n 

the  Pedestal. 
D.     The  horizontal  position  (when  placing  in  or  taking  out  Tracings 

and  Copies)  is  the  most  convenient  for  Operators. 
E. — Two  full-size  Tracings  can  be  copied  at  one  operation. 
F\ — The  glass  plates    can    be    very  easily    cleaned    when    Frame   is 

horizontal. 


Copies  Two  Tracings  at  One  Operation. 


Also    at    London,    Newcastle-on-Tyne,    Birmingham,    and    Glasgow. 

SOLE  AGENTS  in  South  Africa :  EIDELBERG  BROS.  &  CO.,  Pretorius  St.,  Pretoria. 
P.O.  Box  232.  Telegrams  :  "IBIS." 


:MmMm, 


Electrical  Apparatus 


BRETT'S  PATENT 
LIFTER  C»  Ltd., 

Coventry,  England. 


a     a     a 

Patentees  and  Manufacturers  of  .   .  . 

BRETTS 
PATENT 
LIFTERS, 

ETC. 

Pioneers  of  the  Modern 
System  of  Drop  Forging. 

20-cwt  Battery  for  Jabalpur. 
Manufacturers   of    Drop    Forging   Plant   as  supplied  to  H.M.   Dockyards,      Telegraphic  Address: 
Arsenals,    Small    Arms    Factories,    India    Government,    Chief    Railways,  "LIFTER.  COVENTRY." 

etc.,   etc.  Telephone  A'o.  :   384. 


if 


J! 


WOODITE  "  WORKS,  MITCHAM  COMMON,  SURREY. 

NOTICE  TO  ENGINEERS,  ELECTRICIANS.  STEAM  USERS,  and  OTHERS.— "  WOODITE"  articles  can  now  be  obtained 
with  the  utmost  despatch.  "WOODITE"  has  stood  the  severest  te>t  for  six  years.  Xo  material  in  existence  can  equal  it  for  Steam  or 
Electrical  Purposes,  and  other  appliances  :  has  stood  everv  test  up  to  40.000  volts  tor  1/8  in.  sheet,  without  breaking  down,  by  the  London 
Electric  Light  Corporation  and  others.  Ram  "U"  Hat 'joint  and  Packing  Rings,  Hump  Cups.  Gaskets,  Manholes,  Valves,  Sheeting.  Patent 
"WOODITE"  G.  G.  Rings,  ard  all  Mechanical  and  other  Goods  which  have  hitherto  been  manufactured  in  India  Rubber,  Leather,  etc.. 
can  now  be  made  of  "  WOODITE." 


WOODITE"    COMPANY,    MITCHAM,    SURREY. 
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Electrical  Apparatus 


GREENWOOD  &  BATLEY,  Ltd.,  leeds 


ENGINEERS'  GENERAL  TOOLS   and  of  SPECIAL  TOOLS 
for  War  Material  and  a  Great  Variety  of  Purposes. 


0         0 


MAKERS    OF    EVERY    DESCRIPTION    OK 

Representative  in  South  Africa  : — 
W.  G.  TEBBUTT, 
P.O.   Box   2209  Johannesburg. 


0     0 


De  Laval  Patent 
Steam  Turbine 
Dynamos, 
Turbine  Motors, 
Pumps  and  Fans. 

0         0 


Dynamos  and 

Motors, 

Complete 

Electrical 

Installations. 

0         0 


No.  6352.     200  B.H.P.  Electric  Motor,  420  volts,  400  revolutions. 


Turner,  Atherton  *  Co.,  Ltd.,  MAND^;°s'rER. 


London   Offices: — 110,  Cannon  Street,  E.C. 


Economical 
Efficient  . 
Reliable. 
Electric  . 
Motors  and 
Elevators  . 


Patent  .  . 
Starting^ 

Switch 

and 

Automatic 

Controller. 


Specialite :— 

Electric  Elevators  for  Goods  and  Passenger  Service. 
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@MHKIE|f      Aerial  Ropeways 


B 


WIRE  ROPES 


u 


WIRE  ROPES 


L 


WIRE  ROPES 


L 


WIRE  ROPES 


I 


WIRE  ROPES 


V 


WIRE  ROPES 


A 


WIRE  ROPES 


N 


WIRE  ROPES 


T 


WIRE  ROPES 


s 


STEEL  WIRE  ROPES 

AND  APPLIANCES. 
FLEXIBLE  STEEL  WIRE  ROPES 


FOR 


Cranes,  Lifts,  Hoists,  Etc. 

ABSOLUTELY    RELIABLE. 

ONLY    ONE    UNIFORM    QUALITY. 

Blocks,  Pulleys, 
Crab  Winches,  Tackle,  Etc. 

MINING  &  HAULING. 
PLANT. 


Illustrated  Pamphlets 
may    be    obtained 
on  Application. 


tea-fci^'i&Xfc^ ' 


ROPEWAY     AT     WYLAM-ONTYNE. 


Ropeways  Constructed  to  Convey  from  50  to  2,000  Tons  per  Day  to  Transport 

all   Descriptions  of  Materials. 

Regd.   Offices:  BULLIYHNT       &       Q®„       Ltd.,  WorKs: 

72,   MARK  LANE.  LONDON,    ENGLAND.         MILLWALL,  E. 


C   2 


Bmmm 


ss 


Aerial  Ropeways 


ADOLF  BLEICHERT 


OLDEST  AND   LARGEST 
WJm  FACTORY  FOR 
THE  CONSTRUCTI 


o.,  LEIPZIG-GOHLIS, 


GERMANY 


More  than  1,600 
Plants  were  con- 
structed by  us, 
some  of  a  length 
of  34  kilometres. 

30  Years' 

Experience. 

-+- 

Gold  Medals. 
Highest  Awards. 


Best  and  .  .  . 
cheapest  medium 
of  transportation 
for  all  kinds  of 
material  for  any 
distance  and  .  . 
within    factories. 


All  topographical 
difficulties  over- 
come by  our  . 
Patent  Jaw- Grip 
Coupling  .  . 
Apparatus.     .     . 

"Automat." 

We  have  built 
plants  with  .  . 
gradients  of  1 : 1, 
and  spans  of  over 
1,000  metres. 

First-class  .  . 
references  from 
first-rate  houses. 


Wire-Ropeway  executed  for  Sucreries  Centrales  de  Wanxe  Soc.  Anomyme,  Wanxe  (Belg. 


Special    Department  for  the  Construction  of 


Hoisting  &  Conveying  Machines,  Cranes. 


Aerial    Ropeways 


CHEAP 


TRANSPORT 

Improved 
Aerial 
Wire 
Ropeways 

(Roe  &  Bedlington  Patents). 

The  Best  and  Cheap- 
est System  for  Carry- 
ing Ores,  Coals, 
Limestone,  Bricks, 
Clay,  and  other  Ma- 
terials, Especially 
over  Rough  Ground, 
and  for  any  distance. 

Capacity,  from  20  to 

500  tons  per  day  and 


Advantages 

Ooer  Other  Systems. 

Economy  in  Cost  and 
Working. 

Few  Supports. 

Reduced  Wear  of  Cables. 

Simplicity  of  Construc- 
tion. 

Long  Spans  and  Steep 
Cradients  Overcome. 

High-Class  Material. 


NUMEROUS  INSTALLA- 
TIONS AT  WORK  in 
England  and  Abroad, 
GIVING  THE  GREATEST 
SATISFACTION.  Inquirers 
should  state  LENGTH, 
CAPACITY,  and  NATURE 
OF  GROUND. 


Photograph  of  a  Line  carrying  350  Tons  per  Day. 

Estimates,  Pamphlets,  and  full  Particulars  on  application  to 

The  ROPEWAYS  SYNDICATE,  Ltd..  30.  ST.  MARY  AXE,  E.C. 


Telegraphic  Address 


"ROPEWAYS,   LONDON.' 


a.*********-************************************.** 


— IT W 


RmMmi 
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Belting 


„____—_ 


in  this,  the  !  'Dixie* '  Tannery,  and 

SCHIEREN 
BELTING 

made  from  just  such  sterling  hides 
as   this.-fs    used    wherever   power 
*  must  be  transmitted  with  reliabil- 
ity and  economy. 

Do  you  use  Schieren  Belting  ? 
You  probably  would  do  so  if  you 
knew  how  good  it  is. 

Send  for  our  Dixie  Belt  Leather 

Book. 

Chas.  A.  Schieren  &  Co. 


ffi@™if 


Belting,  &c 


THE  ROSSENDALE  BELTING  CO.,  I? 

10,     West     Mosley     Street,      MANCHESTER, 
LONDON    Showrooms  :    117,  Queen  Victoria   Street. 


Telegraphic  Address: 

"  HAIR,    MANCHESTER." 


PATENTEES    AND 


Telephone  No.  : 
2656  MANCHESTER. 


SOLE    MAKERS 


OF    THE 


.A.Y.    BELT, 


The  STRONGEST  and  BEST  DRIVING  BELT. 

Unrivalled   for     .     .     . 

DURABILITY,    EFFICIENCY,    STRENGTH. 

Every  Belt  Guaranteed.  Please  apply  for  our  1903  Catalogue. 


THE  . 


Phosphor  Bronze  Co., 


SOUTHWARK.  LONDON,  SI. 


LTD., 


T    ■.'U*..*.* 


SILICIUM    BRONZE    WIRE 


(In  five  grades  of  Conductivity  and  Tensile  Strength.) 

The  best  for  Electrical  Aerial  Lines.  As  used  by  British 
and  Foreign  Governments,  and  the  principal  Telephone 
Companies,  Electrical  Engineers,  etc. 

SILICIUM    BRONZE  is  also  supplied  in  the  form  of  Billets,  Ingots, 
Strip,    Sheet,    and    Rods. 

See  next  months advt.  for 
"  White  Ant"  Metal,  etc. 
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WAYGOOD 
LIF  TS. 

»S  Special  appointment  to  ib./lft.  the  iking. 


Electric,  Hydraulic,  Belt  Driven,  Hand 

LIFTS   &  CRANES. 

Falmouth    Rd.,   LONDON,    S.E. 


Miscellaneous 


H 


STANDARD 


» 


EXHAUSTERS, 
BLOWERS, 

FANS, 


Write  for  Prices  and   Particulars  to 

THE  STANDARD  ENGINEERING  CO.,  LTD., 

LEICESTER. 


THE    THORNYCROFT   STEAM    WAGON 


Makers    of    all    kinds     of    Steam     Vehicles    for 

Commercial    Purposes,    Lorries,    Vans,    Drays, 

Municipal  Tipping  Dust  Vans  &  Water  Wagons. 

Loads  from  1  ton  to  7  tons. 


ALL    HIGHEST  AWARDS    SINCE   1898. 

TWO  MORE  GOLD  MEDALS  AT   LIVERPOOL 

TRIALS,  1901. 

AWARDED  FIRST  PRIZE  <£SOO)  IN  WAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 

London  Office  : 

HOMEFIELD,    CHISWICK,    W. 

Works  : 

BASINGSTOKE,  HANTS. 


SIMPLEX 

STEEL 

CONDUIT 

Co.,  Ltd., 


SIMPLEX 

FOR  INTERIOR 


THAOE  MARK 


^CONDUITS 

S  KI  Ff.TRir  WIDTUR 


ELECTRIC  WIRING. 


SIMPLEX 

Send     for     New 

1  Llsl 
with  l.h.K.  Rules. 


of  80,  DIGBETH,  BIRMINGHAM,  And  at  MANCHester. 

20,  BUCKLERSBURY,  LONDON,  E.C.    LIVERPOOL,  &  GLASGOW. 


The  SIMPLEX 
STECL  CONDUIT 
SYSTEM      1^      the 

most  compli ■'■ 

tern  made,  it  con- 
sists <>i  i"  grades 
ol  conduits,  and 
newly  1.000  staa 
1  d  Btttags, 

awarded  Gold 
Medal,  Interna- 
tional Fire  Exhlbi 

tijn,  London, 1903. 


1 . tut  i  .1 1  Manager's  <  Mfi<  >. ■: 

Wl  STIKOHOCBI   I'.l  Im.  .  Stbaxd,  w.c. 
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55 
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Consett  Iron  Co.,  Ltd 

..     — 

BLACKMAN  ELECTRIC  FANS 

(Or  Belt  Driven) 


FOR  VENTILATING. 

OVER  60,000  IN  USE. 


MOST  CONVENIENT, 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  &  BLACKMAN  GO. 

Ltd... 

Specialists  in  Beating.  Ucntilating 

and  fiigb  Pressure  Gas  Lighting 

27,    Farringdon    Avenue, 

LONDON,     E.C., 

And   BRANCHES. 

Works  t  HOLLOWAY,   N. 
Foundries  1    ARBROATH. 
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Ventilation,  &c. 


TD. 


MATTHEWS  &  YATES,  L 

Swinton,  MANCHESTER. 


The  Cyclone 

Steam  Fan 

IS    EXTENSIVELY   USED    FOR 

Ship  Ventilation 

AND    SITUATIONS    WHERE    OTHER 
MOTIVE  POWERS  ARE   NOT  AVAILABLE. 

LONDON  :  84,  Cray's  Inn  Road,  W.C. 
CLASCOW:  144,  St.  Vincent  Street. 
NEWCASTLE-ON-TYNE  :  3,  St.  Nicholas  Buildings. 


!7 
racing   // 

itWAGE, 

5LUDG5, 

Water & 


)rwwic  Boas 


Lslfmates  c  Particulars  °n  application. 


'fa  yed  for  tfii  drainage  of  EaSTBQURME' 

Bombay,  RANGooN,SoimiAriPToii,  j 

(APBlOWM  and  many  ottTer  Townj.       # 

<P/nPRCSSE;D  AIR  llPT3^ 

for  raj5in§  water  from  WBLLS,  BoREH°LE5£c. 


lMffll«MM 


47,  Victoria  Street,  , 

1  —   IOMDOM.5.W. 
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HENRY    BERRY    <S    CO.,   Ltd., 
Croydon   Works,    LEEDS. 

Specialities  :-HYDRAULIC    MACHINERY    &    ELECTRIC    CRANES. 


***& 


60  Tons  Three-Motor  Electric  Crane. 


PRICES,     PARTICULARS,     A.XD    LISTS    O.V    APPLICATION. 
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The  "  Kingston"  Patent  Dredger  «S  Excavator. 


Kingston"  Dredger  and  Grab 

fixed  upon  a  Hopper  Barge  of  ISO  tons  capacity, 
having  separate  propelling  engines  and  special 
boiler,  as  supplied  to  the  Spanish   Government. 


Sole  Manufacturers  and  Patentees— 


ROSE,   DOWNS   d  THOMPSON,  Ltd.,     old  Foundr3:  HV2LIMaarnKd 


Lane.   LONDON. 


LOBNITZ'  GOLD  DREDGERS  ARE 

AT  WORK  IN  BRITISH  NORTH 

AND  SOUTH  AMERICA,  AFRICA, 

ASIA,  &c. 


LOBNITZ J*©  °;' 


Ul«»TED 


Most  MM*°V 


ed  Dcsife"8 


^pBED 


.  of  standard 


uoBN!l££-£2a 


LTD. 


reNFREWj 


Scotland^ 


Telegraphic  Address: 
LOBNITZ,   RENFREW.     A I  Code  used. 
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A  Few  Pointers 


ON 


Metallic  Packings. 


y-^.r^^-v   ' 


..   ,,•;       • 


Point       I.  Buy  the   BEST. 

Point     II.  The  BEST  is  the.  CHEAPEST. 

Point  III.  The  UNITED  STATES  METALLIC 
PACKING  is  the  BEST,  and  therefore 
the  CHEAPEST.       00000 

The  United  States 
Metallic  Packing  Co.,  Ltd., 

soho  worKs,  BRADFORD. 
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THE  IRRIGATION  OF  THE  NILE  VALLEY. 


JOHN    WARD,    F.S.A. 

Mr.  John  Ward  is  an  authority  not  only  on  the  antiquities  of  Egypt,  but  also 
upon  those  questions  which  make  for  the  development  of  the  country  in  modern  times, 
and  he  has  had  exceptional  opportunities  of  studying  the  irrigation  problem.  He  shows  the 
revolutionising  effect  of  the  dams  which  have  already  been  constructed,  and  unfolds  an 
important  scheme  for  restoring  to  the  Sudan  the  prosperity  and  prestige  which  it 
possessed  in  ancient  times.  A  promising  area  for  British  engineering  enterprise  is  here 
disclosed,  and  when  the  scheme  has  reached  a  more  mature  stage  we  hope  to  be  able  to 
arrange  with  Mr.  Ward,  who  has  lately  returned  to  Egypt,  for  a  further  article  on  a 
subject  which  is  largely  bound  up  with  the  successful  maintenance  of  our  interests  in  the 
Nile  Valley. — Ed. 


WENTY  years  ago  England 
found  herself  committed  to 
the  guardianship  of  Egypt. 
The  empire  founded  by 
Mehemet  All  had  been 
ruined  b\^  the  reckless 
extravagance  of  Ismail.  All 
other  nations  held  aloof. 
Egypt  seemed  to  have  no  friends  left,  as  every 
available  asset  was  mortgaged,  apparently 
beyond  hope  of  redemption.  The  French  fleet, 
sent  to  protect  the  country  in  its  dire  necessity, 
sailed  away.  Our  fleet,  sent  on  a  similar  errand, 
remained  at  Alexandria,  and  saved  Egypt  from 
revolution.  We  have  remained  its  Protectors 
ever  since.  In  1882.  Tord  Dufferin.  being 
our  Ambassador  at  Constantinople,  was  asked  to 
visit  Egypt  and  report.  His  advice  mainly 
consisted  in  these  points :  "  Establish  an 
honest  financial  system  ;  create  a  new  army 
under  British  officers'  training  ;  bring  trained 
engineers  from  India  to  introduce  the  system  of 
irrigation,  which  has  been  so  successful  there. 
The  Nile,,  under  proper  management,  will  bring 
in  a  sufficient  revenue  to  meet  all  requirements." 
All  this  was  carried  out.  The  ';  Blue  Books  n 
of  the  time  show  how  arduous  was  the  under- 
taking ;   the  results   prove  the  wisdom  of  the 


advice.  When  the  system  of  Perennial  Irri- 
gation is  fully  developed,  two  crops,  and 
even  three  in  some  cases,  will  be  possible. 
Forced  labour  is  abolished,  unless  in  cases  of 
great  emergency,  such  as  the  bursting  of  a 
canal  bank.  Water  is  the  very  life  of  Egypt. 
Formerly,  the  Pasha  could  divert  all  the  irriga- 
tion to  his  own  estates,  if  he  pleased,  and  the 
fellah  was  taxed,  whether  he  got  the  water  or 
not.  Now  the  peasant  gets  his  supply  equally 
with  the  Pasha,  each  in  his  regular  turn. 

All  this  is  the  work  of  the  British  engineer 
officers.  The  effect  on  the  whole  land  is  mar- 
vellous, the  flocks  and  herds  are  doubled,  the 
people  are  happy,  better  clad,  are  becoming 
rich,  and  are  learning  to  use  the  savings  banks, 
which  have  recently  been  established  for  their 
benefit.  Schools  are  well  attended,  and  all 
children,  male  and  female,  can  now  learn  to 
read  and  write  Arabic,  and  English  if  the\ 
desire.  Under  all  this  it  is  no  wonder  that  the 
returns  of  revenue  are  increasing  b}'  leaps  and 
bounds. 

Nobly  have  the  small  band  of  Britishers  done 
their  duty.  Many  have  retired  after  active 
service  ;  not  a  few  died  at  their  posts  ;  these 
were  replaced  by  men  similarly  trained.  Sir 
William  Garstin  still  leads  the  van  of  peaceful 
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generals,  Sir  Colin  Scott 
Moncrieff,  Sir  W.  Willcocks, 
and  Sir  Hanbury  Brown 
have  retired  from  the  ser- 
vice, receiving  their  well- 
earned  titles  for  their 
eminent       services.  The 

veteran  Lord  Cromer  still 
guides  the  destinies  of  the 
land,  the  wisest  and  kindest 
of  rulers. 

THE     NEW     DAMS     AND     THEIR 
EFFECT. 

The  vast  reservoirs  for 
perennial  irrigation  recently 
completed,  caused  the  ex- 
penditure in  labour  of 
several  millions  sterling,  of 
which  the  greater  part  was 
spent  among  the  natives  of 
of  the  country.  At  one 
time  20.000  men  were  at 
work.  The  mere  fact  of 
the  new  Dam  at  Assiout 
being  completed  a  year 
before  the  contract  time 
was  the  means  of  saving  the 
whole  cotton  crop  of  Lower 
Egypt,  valued  at  several 
millions  sterling.  The  Nile 
"  had  forgotten  to  rise  "  in 
1902,  and  had  such  a  calamity 
occurred  before  the  rule  of 
the  British  Engineer,  a 
famine  would  undoubtedly 
have  resulted,  with  a  loss 
of  many  thousand  lives. 
Seed  was  supplied  by  th6 
Government  and  all  taxes 
remitted  to  those  who 
suffered  by  the  scarcity  of 
water. 

The  income  of  the  Egyptian 
Exchequer  being  assured,  the 
enormous  debt  of  the  coun- 
try, exceeding  £100,000,000, 
is  being  gradually  reduced, 
and  its  interest  regularly 
paid  as  a  matter  of  course. 

FURTHER     OPENINGS     FOR 
BRITISH     ENGINEERS. 

In  1905  the  debt  is  to  be 
settled  on  a  basis  of  sinking 
fund,  which,  it  is  expected, 
will  extinguish  Egypt's  entire 
debt  in  fifty  years.  About 
the   same    time,    the    whole 
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FIG.   3.      ZIFTA   WEIR — RAYYAH    ABBAS    HEAD   WCRKS  WITH   CAXAL   LOCK. 

One  of  the  main  features  that  the  engineers  had  to  keep  in  mind  in  constructing  this 
barrage,  was  not  only  the  irrigation  of  the  land  adjoining  the  Nile,  but  also  the  maintenance  of 
an  unobstructed  waterway  throughout  the  delta.  At  the  extreme  right  may  be  seen  a  lock, 
through   which  vessels   of    considerable   draught   can   pass  all  the  year  round. 


revenue  of  the  Suez  Canal  will  fall  absolutely 
into  the  hands  of  the  Egyptian  Govern- 
ment. This  will  be  between  three  and 
four  millions  sterling  per  annum.  Should 
Egypt  require  capital  for  the  irrigation  of 
the  newly  acquired  Sudan  Province,  there 
can  be  no  doubt  that  it  has  ample  security  for 
anything  it  may  need,  and,  since  the  Sudan 
belongs  jointly  to  the  British  Empire,  the  loan 
can  probably  be  obtained  at  the  same  rate  as 
if  Great  Britain  were  the  borrower.  Before 
perennial  irrigation  can  be  fully  given  to  Egypt, 
further  canals,  weirs,  and  other  engineering 
works  in  many  parts  of  the  country  will  be  neces- 
sary. These,  however,  will  all  be  within  the 
powers  and  means  of  the  ordinary  staff  of  the 
Irrigation  Department.  Sir  Hanbury  Brown, 
late  Chief  of  Irrigation  of  Lower  Egypt,  before 
his  retirement  from  the  service  a  few  months 
ago,  saw  the  completion  of  a  very  important 
undertaking,  planned  by  himself,  and  entirely 
carried  out  by  the  ordinary  staff.  This  is  the 
greatest  work  ever  so  executed,  and  is  of  sufficient 
importance  to  be  pictorially  illustrated. 

THE     ZIFTA     BARRAGE. 

In  order  to  assist  in  the  distribution  of  water 
in  the  northern  portions  of  the  Delta,  it  was 
found  necessary  to  construct  a  weir  at  Zifta,  a 
point  on  the  Damietta  branch  of  the  Kile,  about 
half  way  between  the  Cairo  Barrage  and  the  sea. 
In  the  future  the  main  canals  which  supply  the 
Southern  tracts  of  the  Deltaic  provinces  will, 
as  at  present,  obtain  their  supply  of  water  from 
the  river,  upstream  of  the  existing  barrage,  but 
the  areas  lying  to  the  north  will  be  supplied 
directly  from  the  new  Zifta  weir.  The  advan- 
tages of  this  arrange] in  j it  arc  obvious.  The 
length  of  the  existing  canals  is  very  great,  and 


they  traverse  large  tracts  of  highly  cultivated 
country.  It  has  been  very  difficult  to^ force  the 
water  down  to  their  northern  reaches  in  sufficient 
quantity  to  give  the  lands  dependent  upon 
them  their  fair  chance  of  water.  With  the 
completion  of  the  new  weir,  or  barrage,!  the 
lengths  of  the  supply  canals  will  be  much 
reduced,  and  the  distribution  of  water  to  the 
northern  tracts  will  be  greatly  facilitated. 

The  Zifta  Barrage  was  commenced  in  1901. 
The  total  estimated  cost  of  the  work  was 
£450,000,  which  includes  a  lock  for  navigation. 
It  has  actually  been  built  for  £320,000.  The 
design  is  practically  identical  with  the  plan 
of  the  Assiout  Barrage.  The  foundations  at 
Zifta,  as  at  Assiout,  consist  of  a  thick  bed 
of  concrete  enclosed  between  cast  iron  "  sheet 
piling."  The  weir  consists  of  50  openings  of 
5  metres  each,  with  a  lock  of  13  metres  in 
width.  The  total  length  of  weir  from  bank 
to  bank  is  373  metres.  It  is  planned  to  hold 
up  4  metres  of  water.  (In  summer  water 
level  upstream  R.L.  7.30,  downstream,  3.30.) 
The  gates  were,  however  made  higher  than 
originally  designed,  so  that  as  much  as  8  metres 
could  be  held  up  in  case  of  a  good  supply,  and 
in  the  summer  of  1903  this  was  actually  done. 
The, soil  of  the  river  bed  upon  which  the  founda- 
tions were  laid  turned  out  to  be  far  better 
than  was  expected,  and  this  facilitated  the 
work  greatly.  Great  credit  is  given  to  Mr. 
Frederick  Hurley,  the  resident  engineer  of  the 
work,  Sir  W.  Garstin,  in  his  report,  remarking 
that  had  it  not  been  for  his  excellent  arrange- 
ments, such  a  good  out-turn  of  work  would  have 
been  impossible.* 

*  Mr.  Hilrley  is  a  native  <>l  Belfast  He  was  educated 
at  Cooper's  Hill  College,  and  has  been  six  years  in  Egypt. 
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The  increased  water  supply,  owing  to  this 
work,  will  repay  the  entire  cost  in  a  short 
time,  in  extending  the  area  of  cultivable  land, 
as  the  taxes  are  levied  on  the  crops  actually 
produced. 

The  Great  Reservoirs  formed  by  the  barrages 
at  Assiout  and  Zifta  have  already  had  their 
powers  tested  in  a  remarkable  manner.  The 
Nile,  from  causes  not  yet  fully  understood,  has 
often  failed  to  rise  to  its  ordinary  summer 
flood.  From  the  Bible  record  we  find  that 
the  Low  Xiles  of  the  days  of  the  Patriarch 
Joseph  lasted  for  seven  years.  Egypt  has  just 
recovered  from  four  years  of  poor  Xiles,  and 
in  1902  the  river  did  not  rise  at  all  :  it  was  the 
lowest  Nile  on  record.  The  natives  began 
to  say  "  that  '  Old  Hapi '  was  so  angry  at  the 
works  of  the  British  engineers  that  he  would 
never  rise  again,  and  there  would  be  no  water 
to  fill  their  dams."  The  dams,  however,  stored 
up  so  much  of  the  ordinary  Nile  water  that  they 
saved  the  crops,  though  they  were  smaller, 
especially  in  districts  remote  from  the  river. 
Fortunately,  the  tide  has  turned,  and  the  year 
1903  witnessed  a  magnificent  Nile  flood.  The 
great  dams  have  thus  shown  their  value  during 
the  lowest  Nile  on  record,  and  that  they  are 
fully  capable  of  dealing  with  normal  risings. 

THE    WORK     OF     THE     DAM     AT    ASSOUAN 
RECORDED      PICTOR  I  ALLY  . 

In  this  respect  it  will  be  interesting  to  record 
pictorially  the  aspect  of  the  Great  Dam  at 
Assouan,    in    the    winter    of    1002-3,    the    first 


occasion  of  its  being  filled  to  summit  level. 
This  was  after  the  memorable  summer,  when 
the  Nile  did  not  rise  at  all  :  and  yet  the  reservoir 
is  full— too  full  for  the  unfortunate  Island  of 
Philae.  The  photographs  show  it  entirely  under 
water,  and  only  its  temples,  colonnades,  and 
pylons  peer  above  the  deluge.  The  ancient 
Xilometer  is  swallowed  up ;  the  waters  are 
high  above  the  floor  of  Xectanebo's  tempie. 
The  Kiosque  (built  for  a  proposed  visit  of 
Augustus  that  was  never  realised)  still  shows 
its  unrivalled  elegance  of  design — Egyptian 
architecture  enriched  by  classic  taste. 

SELECTION     OF    THE     ASSOUAN     SITE. 

The  stored-up  water,  at  a  time  when  the  Nile 
flow  had  been  lower  than  ever  recorded,  is 
a  triumph  of  engineering  skill.  But  the  illus- 
trations may  have  a  depressing  effect  on  the 
mind,  and  an  artist  or  archaeologist  may  regret 
that  Sir  William  Willcocks  did  not  put  the 
Dam  a  few  miles  further  south.  He,  engineer- 
like,  honestly  chose  the  place  best  suited  for 
his  granite  wall,  where  half  of  it  was  already 
made  of  the  living  granite  rock.  But  when 
the  Assiout  Dam  was  built  (on  the  river's 
bottom,  actually  on  the  Xile  mud),  was  a 
granite  foundation  so  necessary  here  ?  Well. 
we  need  not  complain  now  ;    it  is  too  late. 

Sir  Benjamin  Baker  also  selected  the  same 
place,  after  Sir  W.  Willcocks  had  left  the  Govern- 
ment service  Sir  B.  Baker  offered  to  re-erect 
every  building,  every  stone  of  the  temples  on 
the  adjacent  Island  of  Biggeh  (from  which  our 


Ptolemaic  Temple.  Pharaoh's  Fed. 

FIG.    5.      THE    ASSOUAX   RESERVOIR — VIEW   AT   SUMMIT   LEVEL,   WINTER   OF    I902-3. 
Showing  the  general  view  of  the  submerged  Island,  looking  south. 
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ZIFTA   BARRAGE — RAYYAH    ABBAS   HEAD   FROM 
This  Barrage,  entirely  constructed  by  the  Egyptian  Irrigation  Department,  with  native  labour,  has  not  been  previously 


views    are    taken),    but    his    offer   was    treated 
with  derision  by  antiquaries. 

It  is  only  fair  to  Sir  William  Willcocks  to 
state  that  he  suggested  various  other  sites  for 
his  dams  as  well  as  this  one,  and  that  he  was 
not  in  the  employment  of  the  Irrigation  Depart- 
ment when  the  work  was  decided  on.  The 
entire  scheme  for  reservoirs  which  Willcocks  had 
been  employed  to  design,  had  been  laid  aside, 
and,  thinking  that  he  was  no  longer  needed,  he 
accepted  other  employment.  Unexpectedly,  Sir 
Ernest  Cassel  came  forward  with  the  funds,  and 
Sir  John  Aird  offered  to  make  the  dams.  These 
offers  were  accepted,  and  it  thus  happened  that 
other  hands  than  the  inventor's  carried  out 
the   work.     The    author   has   his   own    private 


opinion  of  the  merits  and  demerits  of  the  case, 
but  at  present  he  is  relating  only  the  story  of 
the  great  works  of  the  irrigation  engineers, 
and  it  is  better  to  keep  to  the  utilitarian  side 
of  the  question,  and  from  that  point  of  view 
alone,  everyone  must  admit  that  it  is  the  greatest 
construction  of  the  kind  that  the  world  ever 
saw,  and  that  it  admirably  performs  its  work. 

INCIDENTAL     SACRIFICES. 

It  is  to  be  feared  that  when  a  few  seasons 
pass,  all  the  palm-trees,  of  which  we  now  see 
only  the  tops  in  the  photographs,  will  have 
perished.  There  was  one  shady  plantation  of 
fertile  date-palms  on  the  right  bank  of  the 
old  Nile,  whose  tops  are  now  only  seen  above 


ZIFTA    BARRAGE — VIEW   FROM    RAVVAII 
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EAST    BAXK    OF   THE   NILE,    LOOKING    LP  STREAM. 

illustrated.     It  is  the  greatest  work  of  the  kind  yet  undertaken  and  carried  out,  within  the  resources  of  the  Department. 


the  waters.  A  few  year?  ago  these  palms 
sheltered  a  tiny  cottage,  in  which  the  writer 
lived  for  many  weeks,  employing  his  days  in 
studying  and  recording  with  pen  and  pencil 
the  beauties  of  the  island  and  its  interesting 
monuments,  knowing  that  their  fate  was  sealed. 
The  cottage,  with  its  pretty  garden,  is  now 
overwhelmed.  The  most  picturesque  district  in 
Egypt  was  doomed  to  disappear  before  the 
all-powerful  engineer. 

The  beautiful  island  and  its  surroundings, 
however,  have  perished  in  a  good  cause  !  It 
is  to  be  feared  that  some  of  the  ancient  temples 
on  the  Nile  bank  between  Phike  and  Wady 
Haifa  will  also  be  submerged  by  the  waters 
of  the  great  Dam.     The  narrow  strip  of  culti- 


vable land  along  the  Nile  in  Nubia  will  have 
disappeared  in  many  places.  Compensation, 
however,  has  been  given,  or  good  land  elsewhere, 
allotted  to  the  inhabitants  by  the  Government. 

THE     DAIRA     SANIEH     ADMINISTRATION. 

In  Ismail's  time  and  previously,  much  of 
the  best  land  at  many  points  between  Cairo 
and  Assouan  had  been  forcibly  seized  by  the 
State  and  converted  into  sugar  and  other  estates. 
The  unfortunate  people  who  had  owned  the 
land  for  generations  were  driven  off  without  com- 
pensation, themselves  and  their  families  ruined. 
On  these  great  estates — known  as  the  Daira 
Sanieh — comprising  the  best  land  in  Egypt — 
Ismail   had   borrowed   manv   millions    sterling. 
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As  the  present  Government  of  Egypt  undertook 
the  liability  of  the  payment  of  the  interest, 
these  lands  became  an  asset  which  they  could 
dispose  of  as  seemed  best  for  the  interests  of 
Egypt.  In  1898  Lord  Cromer  concluded  an 
arrangement  with  a  group  of  financiers  for 
the  sale  of  all  the  properties,  known  as  the 
Daira  Sanieh  Administration,  for  a  price  amount- 
ing to  the  sum  of  the  Daira  Sanieh  Loan.  The 
purchasing  company  undertook  to  re-sell  the 
property  under  certain  conditions  in  a  certain 
number  of  years,  the  half  of  the  profits  to 
belong  to  the  Government.  This  vast,  un- 
wieldy property  is  now  successfully  worked 
by  private  individuals,  and  will  bring  in  a  large 
gain  to  the  Egyptian  Government,  much  more 
than  could  have  been  obtained  by  official  manage- 
ment. 

EGYPT      FIFTY     YEARS     HENCE. 

Sir  William  YVillcocks  has  been  for  some  years 
manager  of  these  vast  estates.  But  he  has 
not  given  up  his  deep  interest  in  his  own 
profession  of  an  irrigation  engineer,  and 
frequently  writes  and  lectures  on  the  subject. 
One  of  his  most  remarkable  lectures — "  Egvpt 
Fifty  Years  Hence " — was  recently  given  in 
Cairo.  In  this  lecture,  which  has  been  printed 
for  private  circulation,  he  enlarges  on  the 
results  of  the  completion  of  the  system  of 
perennial  irrigation,  and  describes  the  develop- 
ment of  canals,  weirs,  escapes,  and  pumps, 
that  will  gradually  bring  the  area  of  cultivated 
land  up  to  what  it  was  in  the  days  of  the  Romans, 
when  vast  spaces,  now  desert  and  barren,  were 
under  cultivation.  Egypt  was  then  the  granary 
of  Rome,  besides  supporting  double  its  present 
population.  In  far  earlier  ages  Egypt  must 
have  been  densely  peopled.  All  over  the 
country  one  finds  immense  black  mounds  of 
rubbish,  the  sites  of  lost  cities  deserted  3,000 
years  ago.  Many  of  these  are  in  the  now 
barren  desert.  Sir  William  Willcocks  would 
give  them  water  again,  restore  the  countrv's 
fertility,  and  by  spreading  the  black  rubbish 
over  the  land  by  means  of  light  railways,  would 
fertilise  it.  Strange  to  say,  the  rubbish  heaps 
make  the  best  of  manure,  being  nearly  all 
composed  of  old  decayed  mud  bricks,  mixed 
with  organic  matter. 

PROPOSED     IRRIGATION     OF     THE    SUDAN. 

But  the  most  interesting  portion  of  Sir 
William  Willcocks's  address  referred  to  his 
suggestions  for  the  proposed  irrigation  of  the 
Sudan.  He  explains  that  the  circumstances  of  the 
Sudan  are  quite  different  from  these  of  Egvpt. 
The  Nile  in  the  new  provinces  flows  in  a  deep 
trough,  and  does  not  overflow  its  banks  as  in 


the  North.  The  system  of  irrigation  must 
be  quite  different  from  that  of  Egypt,  and 
more  like  the  plan  pursued  in  India. 

In  Egypt  the  Nile  has  no  tributary  streams, 
and  the  land  is  rainless.  In  the  Sudan  there 
are  two  considerable  rivers  falling  into  the 
Nile,  which  rise  in  the  Abyssinian  mountains, 
and  there  is  a  rainy  season  in  the  neighbourhood 
of  Khartoum  and  beyond.  From  Assouan  to 
Khartoum  the  Nile  traverses  pure  deserts  in  a 
clearly  defined  channel  of  1,150  miles  without 
any  loss  bevond  that  of  evaporation.*  Willcocks 
says  that  that  Nile  is  fed  by  percolations  from 
springs  along  its  course,  and  that  the  losses 
by  evaporation  in  summer  are  fully  met  by 
these  springs. 

The  mean  discharge  of  the  river  in  Nubia  is 
100,000  cubic  feet  per  second — the  maximum 
being  475,000  cubic  feet,  and  the  minimum 
7,00;-  cubic  feet,  per  second.  It  is  this  great 
margin  of  wasted  flood  that  suggested  the  forma- 
tion of  the  New  Nile  Reservoirs. 

There  are  ruins  of  great  cities  all  along  the 
river  banks,  from  the  Second  Cataract  to  Abu 
Hamed.  The  district  is  now  almost  deserted) 
save  for  the  poor  towns  of  Dongola  and  Mera\\i 
and  some  wretched  villages.  In  ancient  times 
this  region  supported  an  enormous  population 
under  powerful  kings,  and  gave  a  dynasty  to 
Egypt.  It  is  now  deserted  and  barren,  but 
irrigation  can  restore  its  fertility.  The  Third 
and  Fouith  Cataracts  can  be  exploited  to 
provide  supplies  by  the  erection  of  weirs,  and 
locks  for  navigation  would  form  a  part  of  them. 
Beyond  Abu  Hamed  the  Fifth  Cataract  could 
be  similarly  made  use  of,  and  irrigation  supplied 
all  the  year  round.  At  Berber  we  approach  the 
rainy  district,  and  hence  will  be  in  a  couple  of 
years  the  railway  communication  with  Suakin 
and  the  Red  Sea.  now  in  progress,  from  which 
Lord  Cromer  expects  so  much. 

THE     NEW     EGYPT. 

We  now  enter  the  ancient  Kingdom  of  Meroe 
— a  populous  region  down  to  Roman  times. 
There  are  vast  ruins  of  cities,  pyramids,  and 
temples.  The  irrigation  canals  and  reservoirs 
which  gave  them  life  can  still  be  traced.  The 
mountain  streams  were  once  dammed  up  in 
the  rainy  season,  and  all  the  land  was  richly 
cultivated.  Now  it  is  a  wilderness,  deserted 
save  by  wild  animals,  though  there  are  still  a 
lew  villages,  and  partial  cultivation  is  in  progress. 
The  Atbara  pours  into  the  Nile  here,  the  first 

*  At  the  Second  Cataract,  however,  there  seems  to  be 
a  wide  expanse  of  waste,  which  could  be  easily  con- 
verted into  a  reservoir  by  a  weir,  and  would  undoubtedly 
be  of  great  service  to  Nubia. 
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contributory  river  to  "  Old  Hapi,"  who  has  to 
pursue  his  unaided  rainless  course  all  the  way 
to  the  Mediterranean. 

Between  the  Atbara  and  Khartoum  the  land 
was  known  in  classic  times  as  the  Isle  of  Meroe. 
No  doubt  in  those  days  it  was  richly  cultivated, 
and  teemed  with  population,  flocks,  and  herds. 
Now  it  is  depopulated  save  by  gazelle,  deer,  and 
other  game.  The  country  is  covered  with 
mimosas,  stunted  trees,  and  prickly  shrubs. 
Poisonous  "  apples  of  Sodom  "  and  many  wild 
flowers  flourish.  All  this  growth  is  fed  by  the 
copious  rains  of  autumn,  and  were  the  waters 
stored  up  for  irrigation  as  in  olden  days,  there 
would  be  good  crops,  given  the  population 
necessary  to  cultivate  the  land.  Here  Sir 
William  Willcocks  places  his  "New  Egypt," 
which  he  prophesies  will  extend  as  far  as 
Sennaar. 

At  Khartoum  another  fine  Abyssinian  river 
joins  the  Blue  Nile.  (The  main  stream  from 
its  colour  is  called  the  White  Nile.)  This  well- 
watered  corner  of  the  Sudan  delights  the  enthu- 
siastic Apostle  of  Irrigation.  He  waxes  eloquent 
over  his  fancy-picture  of  the  derelict  plains  of 
Meroe  and  Sennaar  being  revolutionised  like 
the  Punjab.  Thirty  years  ago,  he  tells  us, 
the  sandy  plains  of  the  Punjab  supported  a 
miserable  scanty  population,  which  depended 
on  a  poor  and  fitful  rainfall  for  a  precarious 
existence.  To-day  these  same  plains  are  covered 
with  millions  of  acres  of  cereals  and  teeming 
villages  depending  on  the  flush  irrigation  from 
the  great  canals  constructed  by  the  Indian 
Government.  He  prophesies  that  the  Meroe 
and   Sennaar    Peninsulas  will   be  traversed  by 


perennial  canals,  and  will  become  the  most 
prosperous  regions  in  the  world,  producing 
quantities  of  cotton  (so  much  needed  in  Lan- 
cashire now),  cereals,  and  green  crops.*  Sir 
William  Willcocks  says  "  a  rich  soil  endowed 
with  flush  irrigation  will  be  attracting  hundred 
of  thousands  of  Egyptians  from  the  densely 
packed  provinces  of  Keneh  and  Girgeh,  who 
will  be  converting  those  desolate  plains  into 
smiling   fields." 

To-day  it  seems  hopeless  to  get  a  single  bond 
fide  immigrant  to  the  desolated  land,  but  Sir 
William  Willcocks  is  no  visionary,  his  work 
in  Old  Egypt  is  a  guarantee  of  the  wisdom  of 
his  counsel.  Certainly,  anyone  who  has  visited 
New  Khartoum  and  seen  its  beautiful  Palace 
Gardens  will  admit  what  irrigation  can  do  in 
such  circumstances.  The  sooner  a  beginning  is 
made  to  do  something  for  the  irrigation  of  the 
Sudan  the  better,  for  the  country  as  it  is,  is 
a  heavy  charge  on  Egypt.  Meantime,  the 
great  obstacle  is  the  absence  of  population, 
owing  to  the  disastrous  effects  of  the  Khalifa's 
cruelty,  and  the  raids  of  slave -dealers. 

NEED     FOR     AN      IMMEDIATE     IRRIGATION     SURVEY. 

Since  the  conquest  by  Lord  Kitchener,  the 
authorities  have  not  been  idle.  Lord  Cromer 
himself  voyaged  by  the  Nile  as  far  as  Gondokoro 
recentfy,  wishing  to  see  for  himself  the  passage 

*  Egypt  is  likely  to  become  one  of  the  great  sources  of 
cotton-supply  for  Great  Britain.  Specimens  of  cotton 
grown  in  the  Sudan  have  recently  been  pronounced  by 
experts  to  be  in  every  way  superior  in  quality  to 
Egyptian  cotton. 


KIG.   7.     THE  ASSOUAN    RESERVOIR — VIEW   AT  SUMMIT    LEVEL,    WINTER   01    1002   3. 

Showing  the  submerged  Temples  of  Philae  and  the  Kiosque  of  Augustus  ("  Pharaoh's  Bed"),  looking  west. 


The   Irrigation    of   the    Nile    Valley. 


through  the  "  Sudd  "  (which  Major  Peake  and 
other  heroes  had  cut*  to  free  the  Nile's  course), 
and  generally  to  study  the  question  on  the 
spot.  Sir  William  Garstin,  who  may  be  described 
as  Lord  Cromer's  right-hand  man,  has  lately 
returned  from  an  arduous  journey  from  Cairo 
by  Suez  and  the  Red  Sea  to  Mombasa  and 
Uganda.  Thence  he  took  the  British  railway 
and  steamers  to  the  Lakes  Victoria  and  Albert, 
and  descended  the  Nile  by  Wadelai  and  Lado, 
through  the  entire  Sudd  region  to  Fashoda  by 
the  Blue  Nile  to  Khartoum.  This  wonderful 
journey,  by  a  man  who  had  only  recently 
recovered  from  an  attack  of  illness,  deserves 
our  admiration.  It  may  be  safely  anticipated 
that  the  outcome  will  be  a  serious  inquiry  into 
the  whole  question  of  saving  the  Sudan  from 
debt  and  penury  by  the  means  of  a  great  irriga- 
tion scheme.  We  have  shown  that  the  Egyptian 
Government  will  soon  be  in  a  position  to  find 
the  money  for  such  an  enterprise.  Sir  William 
Willcocks  was  given  three  years  to  survey  and 
report  on  the  great  Reservoir  question  in  Egypt. 
He  is  not  now  available,  but  there  are  good  men 
in  Egypt,  quite  fit  for  undertaking  an  irrigation 
survey  of  the  Sudan,  and  it  should  be  done  at 
once. 

Sir  William  Willcocks  suggests  the  formation 
of  great  works  at  the  outlet  of  the  Nile  from 
the  Central  Lakes,  to  raise  their  level.  He  also 
has  a  plan  of  his  own  for  permanently  keeping 
open  a  channel  through  the  Sudd,  and  other 
extensive  works  on  the  White  Nile.  Lord 
Cromer,  however,  wisely  counsels  these  costly 
works  beyond  Khartoum  being  delayed  for 
the  present  until  the  whole  Nile  Valley  has  been 
surveyed,  and  the  mysteries  of  the  jrreat  river's 
vagaries  are  fully  understood. 

The  clearing  of  the  Sudd  has  left  the  passage 
for  steamers  free  to  the  great  Lakes.  The 
River  Nile  has  returned  to  its  good  old  ways, 
the  high  Nile  of  1903  being  one  of  the  best, 
and  these  costly  works  can  wait.  In  the 
meantime,  the  irrigation  of  the  region  which 
Sir  William  Willcocks  calls  "  New  Egypt " 
does  not  involve  any  gigantic  engineering  works 
at  the  White  Nile  or  at  Lake  Victoria. 

It  merely  manipulates  the  River  Atbara  and 

*  Fortunately  for  Egypt  the  Kalifa  was  annihilated 
in  November,  1899.  Within  a  month  of  the  hnal 
victory  Sir  Reginald  Wingate  had  started  an  expedi- 
tion under  Major  Peake,  R.E.,  to  remove  the  Sudd, 
which  blocked  the  Nile  between  the  7th  and  10th 
parallels  of  latitude  in  the  Bahr  el  Gebel.  The  ex- 
pedition consisted  of  four  or  five  gunboats  under 
two  Naval  officers  and  some  thousand  convicts.  This 
work  cost  £1 5,000,  and  the  water  liberated  was  of 
sufficient  quantity  to  save  Egypt  from  drought,  and 
made  a  present  to  the  country  of  an  increase  in  the 
crop  of  cotton  valued  at  £4,000,000. 


the  Blue  Nile,   and  could  be  proceeded  with. 
But  the  survey  must  be  undertaken  first. 

FINANCE. 

Sir  William  Willcocks  estimates  the  cost  of 
the  project  for  irrigating  the  Island  of  Meroe 
from  the  Atbara  to  Blue  Nile  at  some  £10,000,000. 
The  land  when  irrigated  would  be  worth  £20 
per  acre,  and  two  million  of  acres  now  barren 
would  be  irrigated.  It  is  a  healthy  district  of  the 
Sudan,  and  could  easily  produce  two  crops  every 
year.  From  the  return  we  have  already  seen 
from  the  Willcocks  dams  in  Egypt,  there  seems 
no  reason  to  doubt  the  accuracy  of  the  figures. 
Regarding  the  millions  required  for  the  Nile 
reservoirs  now  completed,  Sir  Ernest  Cassel  and 
his  friends  found  the  capital  when  the  "  Caisse 
de  la  Dette  "  refused  it.  although  they  had  a 
large  reserve  saved  by  Lord  Cromer's  manage- 
ment. As  money  was  supplied  for  the  great 
Reservoirs  by  outside  capitalists,  no  doubt  the 
necessary  funds  could  be  also  so  obtained  for 
the  Sudan,  should  the  Government  shrink 
from  raising  the  money  themselves. 

The  great  question  is  the  want  of  population. 
Sir  William  Willcocks  knows  the  Egyptian 
fellaheen  intimately,  and  he  believes  they  will 
be  quite  willing  to  colonise  his  "  New  Egypt  " 
when  it  is  made  fertile  by  irrigation.  He  shrewdly 
points  out  that  the  present  annual  loss  to 
Egypt  by  the  Sudan  is  some  £400,000 ,  which, 
capitalised,  amounts  to  £10.000,000.  He  be- 
lieves that  a  proper  system  of  irrigation  for  the 
Sudan  will  wipe  out  all  this  loss,  bring  in.  in 
a  few  years,  an  enormous  profit,  and  secure 
Egypt  from  famine  and  from  floods  for  all  time. 

CONCLUSION. 

We  can  rely  on  Sir  William  Willcocks  :  we 
know  him  by  his  works,  and  on  such  matters  his 
advice  should  be  followed  as  soon  as  Lord 
Cromer  sees  his  way  to  do  it.  The  matter  may 
safely  be  left  in  Lord  Cromer's  hands.  No  pro- 
Consul  was  ever  more  astute,  more  tactful, 
more  just.  A  born  diplomatist,  he  has  cut  the 
Gordian  knot  of  Egyptian  finance,  and  has 
settled  the  question  to  the  satisfaction  of  the 
interested  Powers  and  their  subjects.  In  de- 
voting his  life  to  the  regeneration  of  Egypt, 
he  has  added  a  new  glory  to  the  British  name 
as  the  protector  of  the  weak,  the  only  nation 
that  is  the  determined  enemy  of  slavery.  And 
Lord  Cromer's  great  work  in  Egypt  is  not  yet 
complete.  Long  may  he  be  spared  to  carry  on 
his  beneficent  rule  in  the  Land  of  the  Nile  ! 
His  modest  official  title  is  "  British  Consul- 
General,"  but  he  is  to-day  the  virtual  ruler  of 
Egypt,  and  sways  the  destinies  of  the  most 
ancient  communitv  in  the  world. 


NEW  DIVING  TORPEDO  B0AT5. 

By    HERBERT    C.    FYFE. 


A  i, — THE  largest  submarine  boat  yet  built  for 
-*J  the  British  Navy,  arrived  at  Portsmouth  a 
few  weeks  ago,  and  is  now  being  submitted  to  a  series 
of  exhaustive  trials. 

The  Navy  Estimates  for  190 1-2  provided  for  five 
submarines  of  the  Holland  type.  These  boats,  "  Nos. 
1-5,"  are  very  similar  to  the  newest  American  sub- 
marines of  the  Adder  type.  The  Navy  Estimates  for 
1 902- 1 903  provided  for  four  submarine  boats  of  a 
new  and  improved  type.  These  are  known  as  A 1 , 
A 2,  At,,  A 4.  All  nine  vessels  have  been  built  by 
Messrs.  Vickers,  Sons,  and  Maxim,  at  Barrow. 

The  Navy  Estimates  for  1903- 1904  provided  for 
ten  further  diving  torpedo-boats,  and  an  order  for 
these  has  just  been  placed  by  the  Admiralty  with 
the  above-mentioned  firm.  They  will  be  known  as 
Bi,  B2,  B3,  B4,  B5,  B6,  B7,  B8,  Bg,  Bio,  and  will 
be  the  biggest  submarines  in  the  Royal  Navy. 

It  may  be  interesting  to  compare  the  first  five  boats 
with  the  four  newer  craft.  The  details  of  Nos.  1 — 5 
are  as  follow  :  Length,  63  ft.  4  in. ;  beam,  11  ft.  9  in. ; 
displacement  (submerged),  120  tons;  surface  motor, 
160-h.p.  gasoline  engine;  sub-surface  motor,  70-h.p. 
electric  motor ;  speed  on  surface,  8  knots  ;  speed  below 
surface,  7  knots. 

The  A1-A4  class  have  a  length  of  100  feet;  beam, 
20  ft.  displacement  (submerged),  '200  tons;  surface 
motor,  200  h.p.  petrol  engine;  subsurface  motor, 
70  h.p.  electric  motor ;  speed  on  surface,  1 5  knots ;  and 
below  surface,  10  knots. 

Considerable  difficulty  has  been  experienced  in 
driving  A  1 — the  only  one  of  its  class  which  has  up 
till    now    been    put    on    trial — below    the    water.      In 


the  "  awash  "  condition,  i.e.,  with  ballast  tanks  full 
and  only  her  conning  tower  showing  above  the  water, 
she  is  driven  under  the  waves  by  her  pair  of  horizon  tal 
rudders  at  the  stern.  Nos.  1-5,  all  now  at  Portsmouth, 
behave  very  well  in  this  respect  ;  they  disappear 
quickly  beneath  the  surface,  and  can  be  brought  up 
again  equally  speedily  when  the  commander  wishes 
to  take  his  bearings  from  his  position  in  the  conning 
tower.  It  is,  of  course,  essential  that  a  diving  torpedo- 
boat  should  be  able  to  dive  and  rise  in  a  few  seconds, 
for,  in  spite  of  periscopes  and  optical  tubes,  it  will 
still  be  necessary  in  an  attack  to  come  to  the  surface 
every  now  and  then  to  take  note  of  the  enemy's  position . 
Unless  the  submarine  disappears  again  before  many 
seconds  have  elapsed  she  will  be  exposed  to  the  terrific 
fire  that  will  be  poured  upon  her  by  the  quick-firing 
guns  of  hostile  ships,  and  will  stand  a  good  chance 
of  being  sent  to  the  bottom  by  the  fleet  torpedo- 
boat  destroyer,  armed  with  its  explosive  boom. 

The  general  opinion  seems  to  be  that  the  chief 
reason  why  it  is  so  difficult  to  submerge  A 1  is  the 
fact  that  she  has  not  sufficient  horse-power.  Her 
petrol  engine  is  not  sufficiently  powerful  to  effect 
her  submersion,  and  it  is  stated  that  the  mechanical 
arrangements  for  assisting  in  the  submerging  of 
the  vessel  do  not  work  with  efficiency.  Possibly,  if 
fitted  with  side  rudders,  as  are  the  French  Gustave 
Zed'  and  the  American  Protector  (Lake  type),  A 1 
might  be  made  to  submerge  more  rapidly  than  she 
does  at  present.  The  British  submarine  No.  5  is 
shown  in  the  accompanying  illustration,  and  forms 
an  interesting  contrast  with  the  new  Russian  sub- 
marine illustrated  below. 


THIC   NEW   RUSSIAN  SUBMARINE   BOAt,  THE  "  PERR   KOCHKA." 
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OUR  MONTHLY   BIOGRAPHY. 


SIR  WILLIAM  EDMUND  GARSTIN,  K.C.M.G. 

SIR     WILLIAM      EDMUND      GARSTIN,     of  his  wonderful  expedition  through  the  poisonous 
nominally  "  Under  Secretary  of  State  for     Nile  swamps,  reads  like  romance.     Being  only 
Public    Works    in    Egypt  " — really    the    acting     published  as  a  Blue  Book  (Egypt,  No.  2,  1901), 
Prime  Minister  of  Egypt — is  a  remarkable  man.      it  has  not  much  chance  of  being  seen  by  the 
He    was    trained    to    irrigation    engineering    in     general  public. 
India,    where     he    rapidly     rose    to 
notice.      He   was    one    of    that     in- 
trepid    band    of      young     engineers, 
who,  by  Lord  Dufferin's  advice,  were 
sent  to    reorganise   and  develop   the 
resources    of    Egypt.     He    first    saw 
Egypt  in  1885,  and  in  1892  was  ap- 
pointed Inspector-General   of   Irriga- 
tion.      But    his   duties  extended  far 
beyond  that  of  controlling  the  irriga- 
tion, and  in  everything  he  has  been 
called  upon  to  do,  he  has  shown  his 
rare  talent,  tact,  and  power-.  Born,  like 
his  former    coadjutcr,    Sir    William 
Willcocks,    in    India,    he    was    well 
fitted  for  work  in  a  tropical  country, 
and  his  mastery  of  the  Arabic  tongue 
makes  him  popular  with  the  crowd  of 
native  officials  and  employes  of  the 
Government  Services. 

Lord  Cromer  has  had  his  help  in 
many  delicate  arrangements,  such  as 
readjustment  of  taxation  and  the 
revaluation  of  the  cultivated  land, 
and  he  has  had  several  diplomatic 
missions.  He  has  undertaken  many 
tours  of  inspection  to  the  distant 
provinces. 

Sir  W.  Garstin  recently  made  a 
remarkable  journey  by  way  of  the 
Red  Sea  to  Mombasa.  Thence  he 
made  a  tour  in  Uganda  and  to  the 
Abyssinian  frontier,  the  White  and  the 
Blue  Niles,  the  Great  Victoria  Lake, 
and  other  waters  of  Central  Africa, 
returning  to  Egypt  by  Gondokoro, 
Lado,  Wadilai,  Fashoda,  Lake  No, 
and  through  the  entire  Sudd  region 
of  the  Bahr  el  Gebel  and  the  Bahrel 
Ghazel.  The  cutting  of  channels 
through    the   Sudd   is    especially    of 

his  planning,  and  Major  Peake  and  other  His  last  journey  (1903)  by  the  Red  Sea  to 
officers  employed  on  that  arduous  undertaking  Mombasa,  and  through  Uganda  and  Lake 
acted  under  his  direction.  Victoria  to  Khartoum,  was   his  crowning   feat 

Sir  W.  Garstin  is  Lord  Cromer's  right  hand  of  exploration.  The  report  of  this  great 
man.  He  is  always  ready  for  any  difficult  job,  expedition  has  not  yet  been  published,  but  is 
either  in  engineering  or  any  other  branch  of  the  looked  for  with  much  interest, 
service.  The  amount  of  work  he  is  capable  of  Sir  W.  Garstin  takes  a  great  interest  in  the 
is  extraordinary.  His  despatch  to  Lord  Cromer  antiquities  of  Egypt,  and  is  one  of  the  corn- 
in  1901,  with  a  report  as  to  irrigation  projects  mittee  for  the  control  of  their  exploration  and 
on  the  Upper  Nile,  with  the  graphic  description      conservation. 


SIR   WILLIAM   EDMUND   GARSTIN,    K.C.M.G. 

One  of  His  Majesty's  Under  Secretaries  of  State  for  Public  Works  in 
Egypt.    Grand  Cordon  Medjidie,  Second  Class  Osmanieh,  etc.,  etc. 


(16) 


E.   KILBURN  SCOTT,  M.I.E.E.,  A.M.Inst.C.E. 

In  response  to  a  number  of  inquiries,  and  believing  that  a  paper  on  this  subject  by  a 
practical  member  of  the  electrical  engineering  profession  will  be  useful  to  students, 
parents,  and  guardians,  we  asked  Mr.  Kilburn  Scott  to  undertake  the  following  article. 
In  addition  to  a  careful  outline  of  the  training  necessary,  the  writer  deals  with  various 
pit-falls  to  be  avoided  by  the  embryo  electrical  engineer. — Ed. 


I  SHOULD  be  pleased  if  you  could  inform'me  where 
vou  consider  the  best  place  to  educate  a  boy 
for  electrical  engineering,  and  at  what  age  he  should 
start." 

Every  engineer  is  constantly  receiving  such  com- 
munications, and  finds  them  somewhat  embarrassing, 
because  (fortunately),  human  nature  cannot  be  deduced 
to  a  svstem  or  a  formula,  and  therefore  what  is  good 
advice  for  one  boy  is  not  necessarily  the  best  for 
another.  There  are  also  many  branches  of  electrical 
engineering — thus,  electric  light  and  power,  electric 
traction,  electro  chemistry  and  metallurgy,  besides 
other  branches  —  telegraphy,  telephony,  wiring  and 
fitting — these  latter,  however,  are  not  so  much  an 
engineer's  as  an  electrician's  job.  Hitherto  there 
has  been  far  too  much  electrician  and  too  little  of 
the  engineer  in  the  profession.  After  all.  wiring  is 
nothing  more  or  less  than  glorified  plumbing  ;  an 
electric  joint  does  not  require  nearly  so  much  skill 
as  making  a  wiped  joint  to  a  lead  pipe. 

The  writer  will  assume  that  the  inquiry  refers  to 
electrical  engineering,  with  the  stress  on  the  word 
"  engineering." 

CHARACTER     AND     TACT. 

Before  everything  else  a  boy  requires  character 
and  tact,  for  the  engineering  profession  is  one  which 
carries  its  members  into  every  part  of  the  world, 
and  they  are  constantly  called  upon  to  direct  affairs 
and  set  an  example  socially  as  well  as  technically. 
After  all  is  said  and  done,  the  great  feature  of  English 
life  is  the  home  training,  and  it  is  in  the  early  years 
and  especially  just  before  entering  into  the  business 
of  life  that  character  is  formed. 

If,  therefore,  by  staying  a  little  longer  at  home  or 
at  school  a  boy  is  thrown  into  contact  with  those 
having  high  ideals,  then  the  purely  technical  training 
may  well  be  deferred  another  year  or  so.  If  the  boy 
is  to  attain  any  position  at  all,  he  will  need  to  be  a 
leader  of  men,  and  in  some  cases  on  a  considerable 
scale.  Initiative  and  decision  of  character  are  there- 
fore essential. 

PHYSIQUE. 

The  parents  who  start  a  boy  in  engineering  having 
poor  physique  or  poor  health  are  much  to  blame, 
because  the  profession  is  essentially  one  which 
calls  for  a  robust  constitution.  To  get  to  work  at 
six  in  the  morning,  and  keep  at  hard  manual  labour 
all  day,  amongst  noisy  machine  tools,  is  in  itself  a 
considerable  strain,  but  this  is  not  all.  When  home 
in  the  evening  he  must  study  text-books,  attend 
evening  classes  (in  moderation),  study  the  technical 
journals,  etc.,  or  he  will  "  get  left." 


Independently  of  this,  however,  sound  physique 
and  a  good  address  go  a  very  long  way  when  the  com- 
mercial side  of  the  business  is  reached.  The  writer 
is  of  opinion  that  military  training  is  necessary,  and, 
if  the  boy  has  not  been  in  the  school  cadet  corps, 
he  should  join  the  volunteers,  if  in  London  the  electrical 
engineers)  as  soon  as  he  is  old  enough.  It  should  be 
remembered  that  the  success  of  the  Germans  is  as 
much  due  to  the  qualities  brought  out  by  their  military 
training  as  it  is  to  their  great  facilities  in  technical 
education. 

EARLY     EDUCATION. 

A  liberal  education  is  essential,  and  its  aim  should 
not  be  so  much  to  fill  the  boy's  head  with  knowledge, 
as  to  make  him  quick  to  assimilate  special  knowledge 
afterwards  ;  in  other  words,  to  teach  the  boy  how 
to  learn.  If,  whilst  at  school,  he  is  able  to  take  up 
some  handicraft,  such  as  carpentry,  it  will  be  as  well, 
for,  when  he  goes  into  a  regular  workshop,  and  the 
men  see  that  he  can  already  handle  tools,  they  will 
respect  him  all  the  more. 

In  the  school  curriculum  mathematics  and  French 
or  German  should  take  precedence  of  Latin  or  Greek, 
but  the  writer  does  not  say  the  latter  should  be 
omitted.  As  a  matter  of  fact,  Latin  is  most  useful  in 
the  assimilation  of  modern  languages,  especially  as 
the  boy  may  in  after  fife  have  to  learn  Spanish  or 
Italian.  Freehand  and  geometrical  drawing  are 
necessary  for  accurate  and  rapid  sketching,  but  the 
designing  engineer  of  to-day  must  also  be  something 
of  an  artist,  and  train  his  imagination.  Some  of  the 
cleverest  engineers  are  most  artistic. 

Coming  to  science,  the  only  two  subjects  which  a 
boy  need  trouble  with  at  school  are  chemistry  and 
physics.  These  can  be  easily  learnt  whilst  at  school, 
and  chemistry-  especially,  is  useful  in  every  walk  of 
life.  In  electrical  engineering  it  is  particularly  helpful 
because  of  the  great  developments  which  are  taking 
place  in  electro  chemistry  and  metallurgy  ;  in  fact, 
there  is  more  scope  in  this  branch  than  in  either 
electric  lighting  or  electric  traction. 

We  will  now  suppose  the  boy  is  sixteen  years  old. 
The  next  step  is  to  get  him  into  some  small  mechanical 
engineering  workshop,  for  the  parent  must  remember 
that  electrical  engineering  is  essentially  mechanical. 
When  one  considers  that  in  a  central  station  75  per 
cent,  of  the  machinery  consists  of  boilers,  engines, 
condensers,  pumps,  water  softeners,  piping,  valves,  and 
that  the  design  of  a  dynamo  machine  is  practically 
a  piece  of  mechanical  engineering  design,  it  will  be 
seen  how  important  it  is  that  the  purely  mechanical 
training  should  take  precedence. 
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PREMIUMS. 

It  would,  perhaps,  be  well  at  this  stage  to  say  some- 
thing regarding  the  payment  of  premiums. 

If  it  can  possibly  be  managed,  it  is  best  not  to  pay 
a  premium  for  a  boy  to  learn  shop  work,  i.e.,  fitting, 
turning,  etc.  ;  it  is  much  better  for  him  to  go  as  an 
ordinary  apprentice,  and  keep  the  regular  shop  hours. 
There  will  be  more  use  for  the  money  later  on  in  giving 
him  a  sound  college  education,  or  with  some  leading 
consulting  engineer,  or  possibly  starting  him  in  business. 
Paying  a  premium  to  an  individual  in  private  practice 
is  a  different  matter  from  paying  it  to  a  company, 
where  it  merely  goes  to  swell  dividends,  and  there  is 
usually  no  obligation  on  any  individual's  part  to  see 
that  the  boy  gets  value  for  the  money. 

There  are,  of  course,  exceptions.  Some  engineering 
firms  having  a  well-thought-out  system  of  training 
their  young  men,  and  in  some  cases  engage  an  engineer 
specially  to  look  after  them,  and  deliver  lectures, 
etc.  One  North  of  England  firm  the  writer  knows 
divide  their  apprentices  into  three  classes,  and  have 
the  following  regulations  — 

15/  Class.—  Apprentices  can  keep  their  own  time  ; 
can  be  moved  from  one  shop  to  another  as  they  desire, 
and  finish  their  education  in  the  drawing  office.  Term 
of  engagement  not  less  than  three  years.  Premium, 
£120  per  annum,  paid  in  advance. 
»  2nd  Class. — Apprentices  to  keep  the  regular  hours 
of  the  shop,  failing  which  they  render  themselves 
liable  to  be  discharged  without  notice,  and  forfeit 
the  premium  paid.  They  will  be  removed  from 
one  shop  to  another  when  the  company  considers 
them  fit  for  the  change,  and  will  be  put  in  drawing 
office  should  they  be  considered  suitable.  Term  of 
engagement,  three  years.  Premium,  £&o  per  annum, 
paid  in  advance. 

3rd  Class. — Apprentices  to  keep  shop  hours  as  in 
second  class.  They  will  only  be  removed  to  another 
department  as  it  suits  the  company,  and  will  not 
be  taken  into  the  drawing  office.  Term  of  engagement, 
three  years.  Premium,  ^50  per  annum  paid  in  advance. 
That  a  premium  is  not  absolutely  necessary  is 
shown  by  the  fact  that  the  writer  was  with  this  same 
firm  sixteen  years  ago,  and  went  through  their  fitting 
and  erecting  shops,  worked  at  the  lathe,  and  also  spent 
some  time  in  the  drawing  office.  During  all  the  time 
he  was  employed  as  an  ordinary  hand,  keeping  the 
usual  hours,  and  receiving  a  fair  weekly  wage,  besides 
sharing  in  the  piece  money  when  any  was  made. 
At  that  time  the  firm  took  premium  pupils,  but  they 
did  not  appear  to  have  any  special  advantages.  Perhaps 
things  are  a  little  different  now,  as  the  firm  has  been 
bombarded  with  applications  for  boys  to  enter  their 
works. 

A     POINT     TO     BE     WATCHED. 

An  important  matter,  which  should  be  watched 
carefully  is  that  several  technical  schools,  or  so-called 
colleges,  make  a  pretence  of  giving  their  students  a 
complete  practical,  as  well  as  theoretical,  training. 
It  is  hardly  necessary  to  say  that  this  is  the  greatest 
nonsense,  for  practical  work  must  be  learnt  in  an 
actual  works  to  be  of  any  use. 

If  the  youth  goes  to  a  college  at  all,  it  should  ]><■ 
to  one  of  the  very  best,  because  the  engineer  who  is 
to  take  a  leading  position  requires  breadth  of  thought, 
originality  of  method,  and  acquaintance  with  the 
world  at  large  rather  than  to  merely  (ill  the  brain 
with  ill-assorted  or  half-digested  information.  It  is 
for  this  reason  that  the  all-round  well-educated  man 
is  better  fitted  to  conduct  an  important  business 
concern  than  is  the  ill-trained  product  of  a  cheap 
technical  school. 


The  writer  is  entirely  against  sending  a  student  to 
college  before  he  has  been  in  a  works,  because  he  may 
attach  too  much  importance  to  pure  theory  and  too 
little  to  practice,  whilst  some  college  students  are  apt 
to  sneer  at  dirty  work,  and  this  causes  them  to  be  dis- 
liked by  the  workmen,  who  are,  after  all,  their  teachers 
for  the  time  being.  A  working  mechanic  is  the  last 
person  in  the  world  to  give  a  young  man  any  information 
if  the  latter  puts  on  "  side." 

THE     SMALL     WORKSHOP. 

A  search  through  the  biographies  of  those  who  take 
any  important  position  in  the  profession  will  show 
that  a  large  proportion  were  originally  trained  as 
mechanical  engineers  in  small  shops,  and  that  they 
afterwards  drifted  into  electrical  engineering  work. 

The  question  therefore  resolves  itself  into  how  best 
to  pick  up  the  necessary  mechanical  experience  and 
afterwards  the  additional  electrical  knowledge,  both 
theoretical  and  practical.  One  great  advantage  in 
going  into  a  small  shop  first  is  that  there  is  generally 
a  local  concern  where  one  can  get  a  start,  and  the  boy 
is  thus  kept  in  touch  with  his  home.  This  is  im- 
portant, because  life  in  lodgings,  away  from  all 
social  intercourse  with  relations  and  friends,  is  not 
a  good  thing  for  a  young  man  still  in  his  teens. 

In  small  shops  a  sharp  boy  soon  learns  to  use  most 
of  the  machine  tools,  drilling,  planing,  shaping,  and 
the  lathe,  besides  drawing  down  and  tempering  his 
own  chisels,  etc.  He  may  also  have  to  tend  the  engine 
and  boiler,  and,  in  fact,  do  all  kinds  of  odd  jobs.  Out- 
side repair  work  amongst  various  classes  of  machinery 
is  also  a  most  valuable  experience  ;  in  fact,  the 
more  millwrighting  in  character  the  shop  is,  the  bette* 
the  training. 

The  writer  was  for  two-and-half  years  in  the 
oldest  established  millwrights'  shop  in  the  country, 
and  the  general  experience  gained  whilst  working  out 
in  various  North  of  England  textile  factories, 
leatherworks,  etc.,  has  been  valuable.  For  any  one 
going   to  the  Colonies   it  is  excellent   training. 

If  possible,  the  embryo  electrical  engineer  should 
enter  as  an  ordinary  lad,  starting  at  six  o'clock  in  the 
morning,  and  receiving  a  wage  of  5s.  a  week  to  com- 
mence, rising,  say,  2s.  6d.  a  year.  These  are  small 
wages,  but  it  is  a  mistake  to  be  in  too  great  a  hurry 
to  earn  money,  as  it  may  handicap  the  learner  by 
keeping  him  too  long  at  one  job.  The  boy  must  always 
keep  well  in  mind  the  fact  that  he  is  not  going  to 
remain  a  mechanic,  but  is  in  the  shops  merely  as  a 
steppingstone  to  something  higher. 

In  such  a  shop  as  the  above  there  is  generally  a 
certain  amount  of  pattern-making,  packing  case  making, 
etc.,  and  the  school  carpentry  work  will  come  in  handy 
for  this.  If  there  is  a  brass  or  iron  foundry,  try  and 
get  a  little  time  in  these,  lor  it  is  in  the  pattern  shop 
and  foundry  that  one  acquires  that  special  knowledge 
necessary  to  become  a  trustworthy  and  economical 
designer.  It  is  quite  impossible,  and,  in  fact,  unn. 
sary  for  the  youth  to  become  a  skilled  workman  at 
any  of  the  above-mentioned  trades,  but  he  will  pick 
up  enough  to  sec  how  the  work  should  be  done  and  to 
be  able  to  detect  any  shoddy  work  or  malingering 
when  lie  attains  a  position  of  responsibility,  and  has 
men  under  him. 

In  this  connection  it  is  well  to  remark  that  the  young 
man  should  take  every  opportunitj  i<>  become  inti- 
mately acquainted  with  the  men,  without  being  too 
familiar.  He  should  become  acquainted  with  t  he  men's 

aspirations  and  ideas  of  fair  treatment,  and  the  organi- 
sation   and    inner    working    of    their    unions,     t.  >r   the 

successful  master  of  the  future  will  require   to  1 0 
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good  terms  with  and  in  sympathy  with  his  employes. 
There  are  all  sorts  of  little  matters,  such  as  various 
systems  of  paving  bv  piecework,  which  the  youth 
mav  be  puzzled'with  at  first,  but  which  he  soon  becomes 
conversant  with,  particularly  if  it  affects  his  own 
pocket.  A  useful  boy  may  also  be  called  in  to  do 
odd  jobs  in  the  office,  such  as  making  a  tracing,  going 
round  to  pay  accounts,  reporting  upon  a  breakdown,  etc. 
Sometimes,  where  there  is  no  premium  or  indentures 
entered  into,  there  is  danger  of  the  youth  being  kept 
at  one  job,  say  the  shaping  machine  or  lathe,  too  long, 
for,  naturally,  there  is  a  temptation  to  keep  him  at  work 
which  he  already  knows.  To  check  this  the  boy  should 
report  at  regular  intervals  to  his  parents  or  some 
friend  as  to  the  kind  of  work  he  is  engaged  upon. 
If  there  is  any  sign  of  being  kept  too  long  at  one  job, 
a  little  backsheeh  to  the  foreman  or  leading  hand 
will  generally  rectify  matters.  The  writer's  experience 
is  that  it  is  not  wise  to  go  to  the  principal  of  the  firm 
if  it  can  be  avoided.  He  is  usually  a  busy  man, 
with  more  important  things  to  look  after,  and,  besides, 
the  foremen  are  apt  to  resent  it. 

EVENING     CLASSES. 

Whilst  he  is  going  through  the  shops  the  youth 
must  systematically  attend  evening  classes  in  machine 
drawing,  practical,  plane,  and  solid  geometry,  applied 
mechanics,  and  steam  under  the  Science  and  Art 
Department  ;  and  also,  later  on,  mechanical  engineering 
and  electrical  engineering,  if  there  are  classes  for 
these  subjects,  for  the  City  Guilds'  certificates  are 
worth  having.  If  he  has  been  well  grounded  in 
chemistry,  physics,  and  mathematics  at  school,  he 
will  not  now  have  to  trouble  about  these,  but  metallurgy 
and  iron  and  steel  manufacture  are  good  subjects 
to  study.  He  must  make  a  point  of  understanding 
the  value  of  curve  plotting,  and  he  cannot  do  better 
than  thoroughly  master  Professor  Perry's  most 
excellent  lectures  in  "  Practical  Mathematics,"  pub- 
lished by  the  Science  and  Art  Department. 

It  may  be  mentioned  that  the  student  who  wishes  to 
become  an  engineer  must  not  carry  his  thoughts  too  far 
into  the  regions  of  pure  science  and  higher  mathematics, 
for  an  engineer  learns  much  from  approximations. 
which  the  pure  scientist  or  the  mathematician  would 
consider  hopeless.  A  knowledge  of  the  differential 
calculus  is  useful,  but  is  certainly  not  absolutely  neces- 
sary. It  is  necessary,  however,  to  become  thoroughly 
expert  in  the  manipulation  of  the  slide  rule,  for  in  the 
drawing  office  or  estimating  departments,  it  is 
so  useful  for  working  out  quantities,  weights,  costs, 
etc.  It  is  quite  a  common  thing  to  see  foremen  using 
the  slide  rule  in  Swiss  and  German  electrical  works, 
which  reminds  the  writer  that  he  has  often  seen  those 
clever  old  millwrights,  who  unfortunately  are  becoming 
now  so  scarce,  making  calculations  with  the  brass  slide 
in  an  ordinary  two-foot  rule.  The  slide  rule,  by  the 
way,  is  now  admitted  at  most  of  the  technical  exami- 
nations in  the  subjects  mentioned  above,  and  is  a  very 
great  help. 

In  case  the  youth  is  so  situated  that  there  is  no 
large  town  where  evening  classes  can  be  attended, 
then  he  must  pick  up  his  theoretical  knowledge  by 
systematic  reading  of  text-books  with  some  older 
friend  to  guide  him,  or  there  is  another  course,  namely, 
entering  his  name  with  one  of  the  correspondence 
schools.  The  best  of  these  schools  have  their  head- 
quarters in  the  States,  and  it  is  really  remarkable 
how  much  information  may  be  acquired  in  this  way. 
The  writer  has  known  several  young  men  who  have 
benefited  considerably.  It  is  only  fair  to  mention 
that  j   in      connection      with      technical      work      the 


correspondence  system  is  not  improperly  used  for  the 
purpose  of  cramming  for  degi 

COLLEGE     TRAINING. 

Having  completed  his  two  or  three  years  in  the  small 
shop,  we  now  come  to  a  point  where  the  future 
depends  on  the  financial  status  of  the  parents.  The 
writer  had  to  depend  for  his  theoretical  knowledge  on 
evening  classes,  but  he  knows  well  the  limitations  of  that 
method,  and  is  of  opinion  that  money  spent  in  giving 
a  youth  a  full  engineering  course  in  a  first  class  college 
is  well  spent.  In  the  old  days  it  did  not  so  much 
matter,  but  nowadays  high  scientific  requirements  are 
necessarv  if  the  youth  aspires  for  a  leading  position 
in  the  profession.  Others  set  the  pace,  and  he  must 
follow  or  "  get  left."  The  crowded  technical  colleges 
in  America  and  on  the  Continent,  all  equipped  in 
the  most  complete  manner,  testify  to  the  great  change 
which  has  taken  place  in  ideas  of  engineering  education. 
So  much  is  the  college  graduate  appreciated  by  engineers 
in  America,  that  often,  before  they  leave,  the  brighter 
students  are  offered  good  situations. 

In  England  college  fees  are  higher  than  in  the 
States  or  on  the  Continent,  and  parents  may  well 
consider  whether  they  would  not  let  their  son  take 
his  college  course  abroad.  Several  of  our  smartest 
voung  electrical  engineers  have  attended  Continental 
and  American  polytechnics  and  colleges,  in  some  cases 
also  going  through  foreign  workshops.  Of  course,  we 
have  various  scholarships  and  exhibitions,  and  many 
deserving  young  men  have  been  assisted  in  this  way. 
If  the  college  course  cannot  be  taken,  the  youth 
should  enter  a  large  electrical  works  as  improver. 
By  hard  work  and  some  tact  he  should  be  able  to 
move  about,  and  may  eventually  get  on  to  outside 
erecting  work,  or  the  test  bed.  or  in  the  drawing 
office.  The  large  new  electrical  works,  which  have 
been  established  in  this  country  offer  much  greater 
opportunities  for  improvers  than  some  of  the  older 
concerns.  Thev  will  have  none  of  the  premium 
svstem ;  everybody  starts  fair,  and  from  what  the 
writer  has  heard,  ability  is  quickly  recognised  and 
rewarded. 

A  good  deal  of  what  follows  will  naturally  be  appli- 
cable also  to  the  young  man  who  is  not  able  to  have 
a  college  training,  and  it  is  by  no  means  to  be  taken 
for  granted  that  the  college-trained  man  will  beat  his 
less  fortunate  student.  Many  of  our  most  prominent 
engineers  had  no  college  training.  The  student  should 
remember  that  the  greatest  efficiency  is  attained  by 
not  attempting  too  much,  but  by  doing  well  the 
work  he  has  in  hand.  On  no  account  should  he  let 
a  difficulty  pass  without  at  least  attempting  to  find 
the  solution. 

ITS     PRIMARY     AIM. 

The  primary  aim  of  a  college  training  is  to  teach 
the  youth  to  reason  scientifically,  and  think  about 
and  discuss  engineering  problems,  so  that  he  is  not 
merely  a  man  who  carries  out  the  ideas  and  inventions 
of  others,  but  can  himself  originate.  The  work  of  an 
engineer  proper,  as  distinguished  from  that  of  a 
mechanic,  is  headwork  rather  than  handiwork,  and 
his  proper  sphere  lies  in  thinking  and  scheming,  and 
in  applying  that  knowledge  which  has  been  defined 
as  "  the  art  of  directing  the  Great  Sources  of  Power 
in  Nature  for  the  use  and  convenience  of  man." 

The  word  directing  here  is  the  key  to  the  situation. 
In  the  past,  theory  lagged  behind  practice,  whereas 
we  have  now  reached  a  point  where  theory  leads  the 
way,  and  must  therefore  be  studied  in  advance.  In 
these  days  of  keen  competition,  engineers  are  obliged 
to  use  the    minimum   amount  of   material  and  labour. 
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andfalso  give  strict  guarantees  of  the  general  fitness 
of  their  work.  It  is  only  by  judiciously  combining 
theoretical  knowledge  with  practical  experience  that 
this  can  be  done. 

In  many  of  the  best  colleges  original  research  and 
experiment  are  carried  on  to  a  considerable  extent, 
not  merely  by  the  teaching  staff,  but  by  the  students 
themselves.  There  are  always  problems  cropping 
up  which  require  investigation,  and  for  which  engineers 
engaged  in  active  professional  work  have  neither 
time  nor  facilities.  These  are  more  and  more  being 
investigated  in  engineering  colleges,  and  in  Switzerland 
and  Germany  it  has  been  a  great  factor  in  drawing 
together  the  works  and  the  technical  colleges  or  poly- 
technics as  they  are  called.     .  t, 

CHOICE     OF    A    COLLEGE. 

In  choosing  the  college  a  good  deal  depends  on  the 
personality  of  the  professors  and  their  assistants, 
for  the  boom  in  technical  education  has,  like  all  exag- 
gerated movements,  had  a  tendency  to  overrun  the 
mark.  The  sudden  demand  appears  to  have  exceeded 
the  supply  of  good  technical  teachers,  whilst  the  low 
salaries  offered  do  not  help  matters. 

Engineering  at  Cambridge  has  recently  ranked  high, 
but  both  Professors  Ewing  and  J.  J.  Thompson  are 
now  leaving,  the  first  going  to  the  Admiralty,  and  the 
second  to  the  States.  Cooper's  Hill  has  a  good  name, 
whilst  in  London  there  are  the  Royal  School  of  Science 
(Professor  Perry),  University  College  (Professor 
Fleming),  Central  Technical  Institution  (Pro- 
fessor Ayrton),  Finsbury  Technical  College  (Dr. 
S.  P.  Thompson),  King's  College  (Professor  Ernest 
Wilson),  and  so  on.  In  the  provinces  there  are  the 
Yorkshire  College,  Owens  College,  Durham  College 
of  Science,  and  the  Glasgow  University,  etc.  The 
usual  course  is  for  the  student  to  aim  at  getting  his 
B.Sc,  or,  at  any  rate,  the  Associateship  of  his  college, 
but  there  are  other  advantages.  Thus,  the  student 
will  attend  the  debating  society,  or  engineering  club, 
and  learn  to  express  himself  tersely  and  to  the  point. 
Tone  and  the  making  of  acquaintances  are  useful 
features  of  college  life. 

THE     TECHNICAL     INSTITUTIONS. 

The  young  man  will  in  due  time  become  a  student 
of  the  Institution  of  Electrical  Engineers,  and,  possibly, 
also,  the  Institution  of  Civil  Engineers,  if  he  can  obtain 
the  necessary  signatures,  and  pass  the  examination.  The 
Institution  of  Mechanical  Engineers  and  the  Iron  and 
Steel  Institute,  etc.,  are  useful  to  join  after  being  in  busi- 
ness for  some  time.  The  limiting  age  for  students 
in  both  the  institutions  of  Civil  and  of  Electrical 
Engineers  is  twenty-five  years.  Before  that  time 
arrives  the  young  engineer  should  have  specialised 
or  had  particular  experience  in  some  branch  of  engineer- 
ing, and  he  will  be  well  advised  to  collect  together 
all  the  data  he  can  on  the  subject,  and  write  a  paper 
for  one  of  the  above  mentioned  Institutions.  Pre- 
miums are  given  for  the  best  papers,  and  the  Miller 
scholarships  and  prizes  of  the  Civil  Engineers  are 
most  valuable  on  account  of  the  standing  which  they 
give  to  those  fortunate  to  secure  them. 

For  the  very  clever  student  there  are  various  scholar- 
ships, such  as  those  associated  with  the  famous  Engineer- 
\\  lutworth,  also  National  Scholarships,  which  are 
often  won  by  engineering  students.  These,  however, 
call  for  exceptional  abilities  in  the  passing  of  ■written 
examinations.  The  student  would  be  wise  to  not 
.reckon  too  much  on  examinations,  as  they  are, 
alter  all,  only  a  poor  guide  compared  with  the  test 
which  life  puts  upon  us.  In  the  affairs  of  the  world 
the  brilliant  student  is  often  beaten  by  some  classmate 


of   only  medium    ability.       "  Memory  men  "   are   not 
usually  the  best  material  for  engineers. 

VACATION     WORK. 

During  the  college  course  there  will  be  the  usual 
long  summer  vacations.  These  should  be  spent  in 
practical  work  of  some  kind,  either  on  a  temporary 
job  in  a  mechanical  or  electrical  engineering  esta- 
blishment, or  in  some  civil  or  mining  engineering 
work.  This  has  been  the  practice  in  Scotland  for 
some  time,  and  it  is  somewhat  similar  to  the  so- 
called  sandwich  system,  in  which  the  usual  college 
course  of  two  or  three  years  is  extended  to  four  or 
five  years,  six  months  or  shorter  periods  being 
taken  alternately  at  the  college  and  in  a  works.  In 
this  way  the  student's  interest  in  the  theoretical 
side  is  stimulated.  Continuous  rounds  of  lectures 
from  professors'  notebooks  are  liable  to  get  monotonous, 
and  some  educationalists  and  engineers  appreciate 
this  fact,  and  are  trying  to  improve  matters. 

In  the  writer's  opinion,  if  the  student  has  already 
had  shop  experience  in  a  small  works,  he  can 
obtain  most  of  the  advantages  of  the  system  by  em- 
ploying his  vacations  in  engineering  work,  or  in 
travelling  abroad  and  seeing  foreign  works. 

Whilst  on  this  subject,  it  is  necessary  to  mention 
that  the  Testing  and  Training  Institution  of  Charing 
Cross  Road  lays  itself  out  specially  to  give  an  electrical 
training  on  what  is  practically  the  sandwich  system. 
Various  works  and  engineers  in  charge  of  electric 
light  stations  are  affiliated  to  the  institution,  and  by  a 
payment  of  ^ioo  a  year  for  three  years  the  student 
is  moved  about,  and  appears  to  obtain  a  fair  train- 
ing. Many  students  go  as  assistants  in  central 
stations  pointer  dodging  on  the  switchboard  gallery, 
or  similar  monotonous  occupations.  The  system 
provides  an  easy  way  for  parents  to  hand  over  their 
responsibilities  to  others  for  a  fixed  sum,  but  in  the 
writer's  opinion  the  electricians  manufactured  on  this 
system  are  not  brilliant. 

LARGE     ELECTRICAL     SHOP. 

In  choosing  the  large  shop,  geographical  situation 
goes  for  something ;  for  the  best  engineering  experience 
is  undoubtedly  to  be  obtained  in  the  North  of  England 
and  in  Scotland.  Life  is  more  strenuous  there  than 
in  the  south,  and  the  traditional  engineering  atmo- 
sphere has  distinct  value.  It  may  easilyhappen  that 
if  a  student  has  been  successful  at  college  his  name  may 
already  have  become  known  to  the  principal  of  an 
electrical  firm,  who  may  take  him  as  assistant  on  the 
test  bed.  Of  all  departments  in  a  works  proper, 
the  test  bed  is  most  valuable,  for  the  student  has 
opportunities  of  seeing  everything  going  on.  and  if  he 
is  already  a  good  mechanic,  he  can  grasp  all  the 
details  without  actually  working  at  them.  He  will 
also  observe  the  method  of  organising  and  running 
a  large  business  as  compared  with  the  small  one  he 
was  in  previously.  With  some  experience  of  armature 
winding,  he  should  soon  be  a  valuable  man  to  his  em- 
ployers to  send  out  on  outside  jobs,  and  outside  work  is 
the  thing  to  go  for,  as  it  throws  one  into  contact  with 
other  engineers.  Through  it  he  may  get  a  berth 
in  some  central  station,  or  may  possibly  be  taken  on 
as  assistant  to  a  consulting  engineer,  or,  as  in  several 
cases  the  writer  knows,  h<  may  be  sent  out  with  a 
plant  to  the  Colonies,  in  which  case  he  will  most  likely 
be  retained  as  resident  engineer. 

A  good  plan  in  pick  up  useful  experience  for  central 
station  work,  whilst  at  the  same  time  seeing  something 
of  the  world,  is  to  take  a  voyage  or  two  as  fourth 
engineer  on  a  merchant  steamer.  If  she  is  not  a  new 
boat,  and  there  axe  some   breakdowns  en  voyagt,   the 
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young  engineer  will  be  weaned  from  looking  to  the 
manufacturer  in  case  of  breakdown,  which  telegraphic 
facilities  on  shore  are  apt  to  lead  to.  He  will  probably 
also  learn  his  own  insignificance,  a  thing  which  must 
be  learnt  sooner  or  later. 

Some  men  are  cut  out  for  office  work,  and  in  that 
case  they  should  get  into  the  drawing  office  as  soon 
as  possible,  where,  if  they  have  ability,  they  will 
quickly  pass  to  designing  of  dynamos,  machinery, 
switchboards,  transformers,  and  possibly  engines, 
hauling  gears,  pumps,  etc.,  also  planning  central 
station  pipe  systems,  cable  networks.  There  is 
great  scope  for  good  men  in  the  drawing  office, 
and  the  conditions  of  employment  are  much  better 
than  formerly.  If  he  has  a  bent  for  invention — 
the  writer  means  the  genuine  thing,  not  mere  mechanical 
improvements — he  would  do  well  to  accustom  himself 
to  making  searches  at  the  Patent  Office  Library,  a  most 
valuable  institution,  which  is  not  so  well  known  as  it 
should  be. 

THE     COMMERCIAL     SIDE. 

If  the  young  man  shows  any  ability  for  commercial 
work,  the  next  step  is  into  the  estimating  department, 
where  he  will  learn  the  necessity  for,  as  well  as  the 
absurdities  of,  specifications.  He  will  learn  how 
to  take  out  prices  from  curves  and  prime  cost  sheets, 
analyse  tenders,  carry  on  technical  correspondence, 
file  data  and  catalogues,  etc.  Afterwards,  he  may 
be  sent  out  to  follow  up  inquiries,  but  this  requires  a 
particular  temperament,  good  address,  and  much  tact. 

In  this  connection  it  is  well  to  remark  that  if  there 
is  one  thing  in  which  the  training  of  electrical 
engineers,  as  now  carried  on,  breaks  down,  it  is  that 
very  few  ever  get  an  opportunity  to  learn  the  com- 
mercial side  of  the  business.  Yet  the  engineer  more 
than  most  men,  is  continually  running  up  against 
questions  of  a  financial  bearing.  As  a  result  of 
this  lack  of  commercial  training,  engineers  are  verv 
often  in  the  hands  of  non-technical  people,  such  as 
accountants,  secretaries,  to  say  nothing  of  directors, 
figure-head  and  otherwise.  This  playing  second 
fiddle  to  the  purely  commercial  man  is,  after  all, 
partly  the  engineer's  own  fault  for  becoming  so  absorbed 
in  his  technical  work. 

When  being  trained  in  the  workshops  the  young 
man  is  cut  off  from  all  knowledge  of  accounts, 
correspondence,  and  commercial  work  generally, 
and  when  at  college  there  is  a  silly  sort  of  tradition 
that  he  ought  to  study  engineering  science  for  the 
love  of  it  alone.  It  is  considered  infra  dig.  for 
questions  of  price  to  be  brought  into  the  discussion. 
To  a  certain  extent  this  is  right,  but  if  he  is  wise  he 
will  begin  to  collect  and  study  makers'  catalogues  even 
whilst  at  college. 

Some  engineers  are  fortunate  to  pick  up  commercial 
experience  whilst  they  are  learning  the  business, 
but  for  the  majority  this  is  not  possible,  and  it  is 
difficult  to  see  how  they  are  to  be  taught  unless  it 
is  included  in  the  college  course.  One  thing  is  certain, 
that  if  the  electrical  engineer  does  not  take  steps  to  have 
more  commercial  sharpness,  he  will  continue  to  play 
second  fiddle  to  the  purely  commercial  men.  Several 
members  of  the  Institution  of  Electrical  Engineers 
have  never  had  an  engineering  training  ;  they  depend 
on  assistants  and  themselves  watch  the  financial 
end.  Personally,  the  writer  considers  there  ought 
to  be  a  rule  preventing  anyone  becoming  a  full  member 
of  the  Institution  who  had  not  had  at  least  two  vears' 
workshop  experience,  not  in  clock  making  or  glorified 
plumbing,  but  in  heavy  engineering  work. 

For  anyone  who  has  a  special  aptitude  for  the  com- 
mercial side  of  the  business,  a   little   time  in  a  general 


shipping  or  merchant's  office  is  excellent  experience. 
A  knowledge  of  commercial  law.  accountancy,  etc. 
is  also  useful,  for,  besides  technical  information, 
there  are  innumerable  things  which  the  electrical 
engineer  may  have  to  tackle  at  some  point  of  his  career, 
In  fact,  no  engineer  worth  the  name  ever  finishes 
his  education.  There  are,  for  example,  such  questions 
as  the  organisation  of  factories,  the  management  of 
men,  amalgamation  with  other  firms,  extension  of 
works  or  moving  to  another  centre,  opening  of 
branches  and  agencies.  He  must  be  able  to  appreciate 
at  a  glance  the  merits  of  an  improvement  or  invention, 
know  the  peculiarities  of  the  Board  of  Trade  and  Local 
Government  Board  regulations  and  restrictions,  have 
a  working  knowledge  of  patent  law,  parliamentary 
procedure  in  connection  with  Bills,  etc.  He  is  just  as 
likely  to  have  to  outline  the  buildings  of  a  power 
house  as  to  design  a  dynamo  or  transformer,  and 
there  is  every  probability  he  will  have  to  face  various 
problems  of  main  fine  railway  working.  In  electro- 
chemistry and  metallurgy  the  possibilities  are  infinite. 

PAYMENT- 

Regarding  financial  results,  it  is  a  fact  that  for 
the  majority  they  are  only  poor,  for  at  the  moment 
there  is  overcrowding.  After  years  of  practical  work 
and  a  long  period  spent  in  mastering  the  theoretical 
side,  a  young  engineer  can  consider  himself  lucky  if 
he  gets  £120  a  year.  The  fascination  of  electricity 
has  resulted  in  drawing  a  very  numerous  and  in- 
telligent class  of  men  into  electrical  engineering,  and 
one  has  to  work  with  indomitable  energy  and  zeal 
to  get  into  a  position  of  prominence.  There  are 
many  prizes,  however,  for  those  who  can  win  them. 
Some  electrical  consulting  engineers  earn  large  fees, 
whilst  the  profits  of  electrical  inventors  have  been 
pretty  considerable.  It  is  well  to  remember,  how- 
ever, that  the  value  of  a  training  is  not  to  be  gauged 
by  the  maximum  salary  obtainable  in  a  minimum  time. 
The  thorough  knowledge  derived  from  varied  ex- 
perience will,  in  the  long  run,  command  the  best 
salary. 

S^-One  advantage  which  engineering  has  over  some  of 
the  professions  is  that  it  is  open  to  all,  and,  given 
ability  and  hard  work,  it  is  possible  for  anyone  to 
rise  to  the  highest  positions.  There  is  the  : 
competition,  and,  although  in  the  earlier  stages  money 
may  be  a  help,  yet  in  the  end  ability  is  given  every 
chance  to  show  itself. 

Everything  points  to  the  probability  that  in  the 
near  future  engineers  will  attain  to  a  position  of  con- 
siderable power  and  influence  in  the  social  organism. 
Their  work  in  the  management  of  large  bodies  of 
men,  in  organisation  and  financing,  together  with 
their  accurate  habits  of  thought,  active  life,  etc., 
specially  fit  them  to  be  leaders  and  advisers  of  men — 
in  fact,  statesmen  in  the  true  sense  of  the  word. 

When  we  look  back,  we  find  that  in  the  beginning, 
when  the  world  was  superstitious  and  ignorant,  its 
rulers  were  priests ;  then  came  the  soldiers,  who  have 
disciplined  it  ;  and  now  we  have  the  lawyers,  who  have 
established  civil  rights.  Inasmuch  as  the  great 
questions  of  the  immediate  future  are  industrial 
and  scientific,  the  balance  of  power  should  he  largely 
with  the  engineers. 

It  rests  with  the  engineers  themselves  as  to  how 
long  this  will  take.  Public  opinion  needs  educa: 
and  one  step  in  this  direction  is  for  the  engineer 
to-day  to  take  a  greater  part  in  public  affairs.  The 
public  must  be  brought  to  recognise  the  revolution  in 
industrial  and  social  affairs  which  is  resulting  from  the 
activities  of  the  engineer. 


THE  MANUFACTURE  AND  USE  OF  CONCRETE. 


A.    LEGG,    M.Inst.CE. 

The  previous  article  was  largely  devoted  to  tests  of  Portland  cement  for  fineness  of 
grinding,  specific  gravity,  strength,  hydraulicity,  speed  of  setting  and  soundness.  The 
author  now  confines  himself  to  the  essentials  of  good  aggregates  and  their  preparation, 
the  computation  of  voids,  methods  of  mixing,  etc.  He  gives  some  practical  hints  on  the 
working  of  concrete. — Ed. 


II. 


I    SHALL   now    proceed    to    discuss    the    materials 
or  aggregates  which  are  to  be  used  in  conjunction 
with  the  cement  to  form  the  concrete.     The  essentials 
of  good  aggregates  are  : — 
i.  Hardness  and  density. 

2.  A  moderate  degree  of  porosity,  i.e.,   as  opposed 
to  a  vitrified  surface. 

3.  Angularity  of  fracture. 

4.  Variation  in  sizes  of  particles. 

Broadly,  one  may  group  the  aggregates  under  two 
heads. 

1.  Materials  found  in  nature  ready  for  use. 

2.  Materials  prepared  for  the  purpose. 

GRAVEL. 

Under  the  former  head  the  only  material  which  is 
used  to  any  extent  is  "  gravel,"  consisting  of  more  or 
less  rounded  pebbles  of  varying  sizes.  From  whatever 
source  these  are  obtained  the  usual  preparation  neces- 
sary is  screening  and  washing.  This  material  does  not 
fulfil  all  the  conditions  laid  down.  It  usually  possesses 
a  smoother  surface  than  is  desirable  to  afford  a  good 
hold  for  the  cement,  and  the  shape  is  not  angular, 
otherwise  it  is  often  very  hard  and  durable,  being, 
as  it  were,  the  survival  of  the  fittest  portions  from  the 
trying  ordeal  to  which  it  has  been  subjected  during  a 
lengthened  period  in  the  rubbing  or  knocking  together 
of  the  fragments  in  the  river  bed  or  sea-shore,  whereby 
the  softer  portions  have  been  reduced  to  sand  or  mud, 
and  only  the  harder  remains. 

PREPARED     MATERIAL. 

Into  the  second  class  will  fall,  as  by  far  the  most 
important,  all  materials  which  are  prepared  by  breaking 
or  crushing  the  natural  rocks,  and  these  are  the  materials 
.on  which  the  engineer  chiefly  relies.  This  source  is 
practically  unlimited.  Any  rock  which  will  furnish 
a  building  stone  of  good  quality  will,  as  a  rule,  also 
furnish  good  aggregates  for  concrete,  and  many  rocks 
which  do  not  furnish  building  material  of  good  quality, 
owing  to  their  hardness  and  difficulty  of  dressing,  or 
to  the  difficulty  of  obtaining  from  them  sufficiently 
large  blocks,  may  produce  very  excellent  material 
for  concrete. 

This  class  of  material  is  generally  superior  to  natural 
gravel.  When  broken  it  usually  possesses  great 
angulaiity  and  roughness  of  surface,  and  it  is  from 
this  class  almost  exclusively  that  can  be  obtained 
material  fulfilling  all  the  requirements  already  given 
as  desirable. 

Much  might  be  written  concerning  the  different 
methods  of  reducing  the  rock  to  the  sizes  ot  fragments 
required.  Suffice  it  to  say,  that  stone  reduced  by  a 
modern  percussive  action  stone-breaker  is  preferable 
to  that  broken  by  hand,?  or  by  rolls,  as  it  generally 
gives  a  greater  variety  in  size  of  fragments. 

One  other  small  variety  of  material  still  remains 
to  be  mentioned,  viz.,  that  obtained  by  the  breaking 
of  artificial  substances,  such  as  bricks,  or  clay  burned 
in  the  rough  specially  for  the  purpose.  This  last  is 
eften  useful  when  suitable  rock  or  gravel  is  not  to  he 
had,  and  if  thoroughly  burned  forms  an  aggregate 
which  will  make  good  sound  concrete. 


As  to  the  best  size  to  which  to  reduce  the  material, 
a  usual  stipulation  is  that  it  shoukl  all  pass  through  a 
ring  2  in.  in  diameter,,  and  for  ordinary  foundation 
work  this  gives  excellent  results,  but  when  watertight 
work  is  required,  i|  in.  gives  better  results.  Of  course, 
generally  the  cost  is  greater  the  finer  the  material,, 
but,  within  limits,  the  extra  cost  of  crushing  the  smaller 
size  is  compensated  by  the  greater  ease  of  mixing  and 
subsequent  working. 

Having  considered  the  various  ingredients  required 
in  the  composition  of  the  concrete,  we  will  now  discuss- 
the  proportions  of  each  of  these  which  should  be  used, 
and  the  methods  by  which  they  are  to  be  brought 
together  so  as  to  produce  the  best  results. 

It  might  appear  that  the  engineer  has  here  absolutely 
free  scope,  trammelled  only  by  considerations  of 
economy,  but  there  are  limits*  and  rather  narrow 
limits,  within  which  he  must  confine  himself,  if  he  is 
to  obtain  satisfactory  results. 

Here,  again,  as  in  other  details,  he  is  governed 
by  the  purpose  of  the  proposed  work. 

DETERMINING    THE     VOIDS. 

The  following  remarks  as  to  the  method  of  deter- 
mining best  proportions  will  apply  to*  the  production 
of  watertight  concrete,  for  which  purpose  the  highest 
possible  quality  of  work  is  required.  For  other 
purposes  the  engineer  will  allow  himself  such  departure 
from  the  results  obtained  by  these  methods  as  his- 
experience  may  warrant. 

Having  selected  the  particular  material  to  be  used 
for  aggregates,  the  first  step  will  be  to  determine  the 
proportion  of  voids  or  interstices  existing  when  a 
mass  of  the  aggregates  is  thrown  together.  The 
proportion  of  mortar  in  the  concrete  must  then  be 
made  sufficient  not  only  to  completely  fill  all  these 
voids,  but  also  to  allow  a  sufficient  excess  to  completely 
surround  each  particle  of  the  aggregates,  so  that  no- 
two  adjacent  pieces  shall  touch. 

The  simplest  method  of  determining  the  voids  is 
to  fill  a  vessel  of  known  capacity  with  the  aggregates 
and  then  measure  the  quantity  of  water  required  to  fill 
the  interstices,  taking  care,  of  course,  to  eliminate 
as  far  as  possible  any  error  from  absorption. 

The  volume  of  voids  being  thus  obtained,  we  must 
add  a  percentage  to  allow  for  the  surrounding  of  each 
particle.  From  10  to  15  per  cent,  is  usually  sufficient. 
It  the  quantity  of  sand  used  is  alone  made  equal  to 

the   voids,    the   addition   of   the   cement    will    generally 

produce  sufficient  mortar  to  cover  this  percentage,  as 
will  he  pointed  out  later. 

The  actual  percentage  of  voids  will  vary  with  different 

classes  of  material  and  with  the  si/e  of  the  particles. 
Generally  speaking,  liner  material  having  a  smaller 
percentage  than  coarser,  and   more  in. ukcd  stdl  is  the 

(•tin  t  ot  .1  greal  range  oi  variation  in  the  sizes  ot  the 
particles,  the  smaller  ones  i  hen  idling  the  voids  between 

tin-    larger    and    reducing    the    total    percentage.       hoi 

material  \\  in.  to  2 in.  maximum  and  ot  varying  size 
below  that,  the  proportion  ot  voids  to  total  volume 
oi  aggregates  will  generally  range  from  35  per  cent.  t< ■• 

50  per  cent. 
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By  a  similar  process  we  may  determine  the  proportion 
of  cement  required  to  fill  the  interstices  of  the  sand. 
It  will  be  found  that  the  voids  in  an  average  sample 
of  sand  will  lie  generally  between  the  limits  of  30  and 
40  per  cent.,  and  that  a  sample  showing  more  than 
40  per  cent,  would  probably  be  so  coarse  as  to  be  looked 
upon  with  suspicion  for  use  in  watertight  work,  unless 
with  the  use  of  an  excessive  quantity  of  cement. 
One  part  of  cement  to  two  of  sand  will,  therefore, 
generally  be  found  to  give  safe  results,  but  the  engineer 
desirous  of  using  a  larger  proportion  of  sand  than  this 
should  satisfy  himself  that  the  sand  is  of  suitable 
quality.  It  may  be  useful  to  point  out  here  that  the 
volume  of  cement  paste  resulting  from  the  gauging 
of  one  volume  of  Portland  cement  with  water  is  onlv 
about  80  per  cent,  of  the  volume  of  the  cement  dry. 
So  that  sand  having  40  per  cent,  of  voids  would  require 
50  per  cent,  of  dry  cement  to  completely  fill  the  voids. 

SPECIFICATIONS     FOR     CEMENT. 

Being  now  in  possession  of  the  knowledge  of  the 
proper  proportions  for  the  ingredients,  what  is  the  best 
method  of  specifying  them  so  as  to  obtain  exactly  the 
resulting  concrete  which  we  desire  ? 

Occasionally  one  finds  the  proportions  specified 
simply  by  stating  that  the  proportions  shall  be  one 
part  of  cement  to  so  many  parts  of  aggregates,  e.g., 
1  to  5  or  1  to  6,  as  the  case  may  be.  In  letting  a  contract 
on  such  a  specification  the  engineer  is  laying  up  for 
himself  the  possibility  of  many  friendly  discussions 
with  his  contractor. 

It  is  not  an  uncommon  practice  to  specify  the  exact 
proportions  of  each  ingredient  as  one  part  of  cement 
to  so  many  parts  of  sand  and  so  many  of  aggregates. 
Now,  if  the  engineer  in  writing  his  specification  has 
in  view  the  use  of  definite  materials,  of  which  he  has 
already  obtained  by  some  such  method  as  that  described 
the  correct  proportions,  this  is  allowable,  otherwise 
it  is  unsatisfactory,  as  he  is  giving  himself  the  some- 
what difficult  task  of  finding  materials  to  suit  his 
conditions,  and  he  may  eventually  find  that  by  adhering 
to  the  proportions  specified  he  is  not  using  the  materials 
available  to  the  best  advantage,  e.g.,  he  may  be  using 
more  sand  than  the  aggregates  actually  require,  and 
so  obtaining  a  weaker  concrete  than  he  would  otherwise 
get  with  the  same  proportion  of  cement. 

The  method  which  the  author  has  found  the  most 
generally  satisfactory  is  to  specify  that  one  part  of 
cement  shall  be  used  to  so  many  parts  of  aggregates 
and  sand  together,  and  that  the  proportion  of  sand  to 
aggregates  shall  be  such  as  the  engineer  may  determine. 

MIXING. 

We  now  go  on  to  consider  the  method  of  mixing  the 
ingredients.  As  the  quality  of  the  resulting  concrete 
will  greatly  depend  upon  the  thoroughness  with  which 
this  operation  is  conducted,  it  is  one  requiring  careful 
consideration.  The  condition  of  perfection  to  be 
arrived  at  is  that  each  grain  of  sand  in  the  mortar 
shall  be  surrounded  by  a  layer  of  cement  paste,  and 
that  each  particle  of  aggregate  shall  be  surrounded 
by  this  mortar,  which  shall  also  completely  fill  all  voids. 

These  results  are,  no  doubt,  most  completelv 
obtained  when  the  sand  and  cement  are  first  intimatelv 
mixed  together  in  the  proper  proportions,  afterwards 
adding  the  proper  proportions  of  aggregates  and 
thoroughly  mixing  the  whole  mass,  and,  if  the  sand 
and  aggregates  are  delivered  on  the  work  separatelv, 
this  is  undoubtedly  the  best  method  of  working. 
If,  however,  the  aggregates  and  sand  are  delivered 
together  as  a  product  of  the  crusher  or  otherwise, 
it  is  not  worth  while  to  separate  them  in  order  to 
adopt  this  method. 


IMPORTANCE     OF    THE     DRY     MIXING. 

As  to  the  actual  process  of  mixing,  there  are  now 
manv  machines  in  the  market  for  the  purpose,  which 
give  first-class  results  when  properly  worked,  and 
when  large  quantities  have  to  be  dealt  with  machine 
mixing  possesses  many  advantages  over  hand  labour, 
more  especially  in  a  country  where  labour  is  dear. 
At  the  same  time,  very  excellent  results  can  be  obtained 
by  hand  labour,  which,  for  works  of  moderate  dimen- 
sions, will  compare  favourably  with  mechanical  mixing, 
both  as  regards  quality  and  cost. 

Whichever  method  is  adopted,  the  most  important 
part  of  the  whole  process  is  the  dry  mixing,  one  turning 
of  the  materials  dry  doing  more  to  bring  about  intimate 
mixing  than  several  after  water  is  added. 

Three  mixings  of  the  materials  dry  and  two  wet 
will  generally  suffice  to  produce  good  results.  The 
water  should  be  clean,  should  always  be  added  very 
gently  through  a  rose,  and  never  poured  on  in  a  jet, 
or,  worse  still,  out  of  a  bucket,  as  is  often  done,  as  it 
simply  washes  the  cement  out  of  the  mixture. 

PROPORTION     OF     WATER. 

The  best  proportion  of  water  to  be  used  is  a.question 
which  has,  perhaps,  given  rise  to  more  discussion 
amongst  engineers  than  any  other  point  in  connection 
with  the  subject,  and  with  it  is  associated  the  question 
of  best  laying  and  working  the  concrete  in.  We 
have  on  the  one  hand  the  dry  method  of  mixing,  in 
which  only  sufficient  water  is  to  be  used  to  enable  a 
film  of  moisture  to  be  brought  to  the  surface  by  hard 
and  continued  ramming,  and,  on  the  other  hand,  the 
wet  method,  in  which  concrete  is  to  be  so  sloppy  and 
wet  that  it  almost  falls  together  without  any  ramming. 
Each  of  these  methods  has  its  advocates,  who  are, 
as  is  usual  in  such  cases,  inclined  to  ride  their  hobby 
to  death  ;  whereas,  if  used  intelligently,  each  method 
undoubtedly  has  its  special  uses  and  advantages. 

There  can  be  no  doubt  that  concrete  made  with  a 
minimum  quantity  of  water  is  stronger  than  one  in 
which  an  excess  of  water  has  been  used.  This  is 
established  by  experiment.  Therefore,  when  strength 
is  the  most  important  factor  to  be  considered,  the 
concrete  is  best  mixed  fairly  dry  and  well  punned. 
There  are  many  cases,  however,  where  strength  is  not 
the  most  important  factor,  but  is  secondary  to 
watertightness. 

MAKING     WATERTIGHT     CONCRETE. 

Now,  whether  or  not  watertightness  can  be  obtained 
with  dry  mixed  concrete,  is  the  very  point  on  which 
the  controversy  turns.  As  a  result  of  considerable 
experience  with  both  methods,  I  am  prepared  to  admit 
that  it  is  possible  to  obtain  excellent  results  in  this 
respect  with  the  dry  mixing  ;  at  the  same  time,  I  am 
convinced  that  the  personal  element  enters  far  too 
much  for  it  to  be  relied  upon  always  to  do  so,  and 
therefore,  for  safety  sake,  where  watertightness  is 
essential,  I  always  prefer  the  concrete  to  be  put  in  soft. 
Let  me  explain  clearly  what  I  mean  by  "  soft." 

1.  The  concrete  should  be  so  soft  that  one  cannot 
stand  upon  it,  when  in  a  heap  upon  the  mixing  stage, 
without  sinking  over  the  boots. 

2.  There  should  be  no  free  water,  and  never  any 
suspicion  of  water  flowing  from  the  surface  when  it  is 
being  worked  in  position. 

The  actual  quantity  of  water  required  to  bring 
about  this  condition  will,  of  course,  depend  greatly 
upon  the  porosity  of  the  aggregates. 

In  this  soft  condition  punning  or  ramming  is  useless. 
What  is  required  is  that  the  concrete  shall  be  well 
worked  or  chopped  into  solidity  with  a  thin  narrow 
tool — an    ordinary    grafting    tool    is    a    very    efficient 
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instrument — in  such  a  way  as  to  allow  any  enclosed 
air  to  escape  and  the  mass  to  fall  together  by  gravitation. 

Concrete  put  in  in  this  way  need  never  cause  the 
engineer  a  moment's  anxiety  as  to  whether  or  not  it 
will  hold  water,  whilst  with  concrete  put  in  in  the  dry 
way,  unless  he  personally  sees  every  inch  of  it  put  in, 
he  will  never  be  quite  free  from  a  haunting  fear  that 
the  water  will  by  and  by  demonstrate  that  for  a  few 
moments,  at  one  time  or  another,  the  very  rigid  super- 
vision necessary  had  been  relaxed. 

Another  danger  to  be  guarded  against  with  the  dry 
mixing  is,  that  the  hard  ramming  necessary  is  liable 
to  fracture  the  particles  of  the  aggregates,  and  to 
leave  the  fractured  surfaces  without  any  mortar 
between  them.  And  again,  ramming  has  little  or  no 
effect  in  bringing  to  the  surface  included  air,  except 
from  very  near  the  surface,  its  effect  is  rather  to  com- 
pletely seal  it  up  in  the  interstices  and  render  escape 
impossible. 

Concrete  should  always  be  laid  in  moderately  thin 
layers,  not  exceeding,  say,  9  in.,  but  it  is  better  to 
lay  about  two  or  three  such  layers  on  each  other 
immediately,  so  as  to  attain  a  thickness  of,  say,  about 
2  ft.,  rather  than  to  allow  each  thin  layer  to  set  before 
adding  the  next. 

SOME     DEFECTS. 

A  careful  examination  of  a  large  surface  of  concrete 
which  has  water  under  pressure  behind  it,  and  through 
which  percolation  is  taking  place,  will  generally  reveal 
two  causes  of  weakness.  First,  there  will  be  found 
patches  of  larger  or  smaller  extent  and  of  irregular 
shape  over  which  the  water  oozes.  This  is  evidently 
a  defect  of  mixing.  The  concrete  in  the  patches  has 
either  been  deficient  in  mortar,  or  else  the  aggregates 
have  not  been  well  mixed  in,  so  that  voids  exist. 

Secondly,  water  may  be  found  oozing  along  a  line 
which  marks  the  junction  of  new  work  with  old. 
This  is  a  very  prevalent  defect.  Too  much  care  cannot 
be  bestowed  upon  the  bonding  of  new  and  old  work. 
By  old  work  is  meant  work  which  has  already  set. 
It  may  be  but  a  few  days  old. 

HINTS    ON     THE     USE     OF    CONCRETE. 

To  insure  a  good  joint  the  old  surface  must  be 
absolutely  clean,  and  a  layer  of  mortar  should  be  laid 
upon  it  for  the  double  purpose  of  embedding  any  rough 
stones  which  will  inevitably  fall  to  the  tail  end  of  the 
new  concrete  being  placed,  and  of  filling  up  irregu- 
larities in  the  old  surface  and  cementing  the  two 
portions  together. 

In  laying  concrete  on  wet  foundations  great  care 
is  necessary  to  prevent  the  washing  out  of  the  cement 
by  the  water  present.  I  do  not  propose  to  deal  with 
the  laying  of  concrete  under  deep  water,  as  this  subject 
belongs  more  properly  to  a  discussion  on  harbour 
works.  I  shall  refer  only  and  briefly  to  cases  where 
concrete  has  to  be  laid  in  a  position  where  it  is  found 
difficult  or  impossible  to  have  the  foundation  dry,  as 
frequently  happens  in  deep  pits  for  bridge  foundations. 

One  frequently  sees  concrete  mixed  almost  dry  being 
thrown  into  a  wet  foundation,  in  order,  as  it  is  said, 
to  take  up  the  water  lying  there,  and  so  keep  it  dry. 
This  is  very  bad.  The  concrete  should  always  have 
its  full  allowance  of  water  in  mixing,  whether  the 
foundation  is  wet  or  dry. 

When  the  foundation  cannot  be  made  quite  dry 
then  the  concrete  should  be  placed  in  from  one  side 
in  a  sufficiently  deep  layer  for  the  surface  to  be. always 
above  the  water,  and  worked  gradually  across  the  pit, 
driving  the  water  before  it. 

V  If  pumping  has  to  be  resorted   to,  it     requires  to 
be  done  with  great  care,  so  as  to  avoid  washing  out  the 


cement.  It  is  a  safe  plan  never  to  allow  the  surface 
of  the  water  to  be  pumped  below  the  surface  of  the 
layer  of  concrete  being  put  in.  Concrete  may,  with 
these  precautions,  be  made  quite  as  sound  and  water- 
tight on  a  wet  foundation  as  on  a  dry. 

The  laggings  used  for  face  work  should  always 
be  greased  so  as  to  come  away  without  plucking  the 
face,  as  the  natural  sink  so  obtained  looks  better  and 
wears  better  than  a  face  got  up  by  floating  or  rubbing 
after  removal  of  the  laggings. 

EFFECTS     OF     CONTRACTION     AND     EXPANSION. 

When  designing  work  to  be  constructed  in  concrete, 
it  is  well  to  keep  in  mind  the  effect  of  contraction 
and  expansion,  and,  if  possible,  to  devise  some  means 
of  avoiding  ill-results.  Work  carried  out  in  masonry 
and  brickwork  does  not  call  for  any  such  precautions, 
because  the  effect  being  distributed  amongst  a  large 
number  of  joints  is  so  slight  at  any  one  point  as  to  be 
negligible,  but  when  we  have  a  mass  of  concrete  of 
great  extent  in  any  one  dimension  without  any  joints, 
it  is  necessary  to  adopt  some  precautionary  measures. 

Just  what  the  exact  coefficient  of  expansion  for 
concrete  is  has  not  yet,  so  far  as  I  am  aware,  been 
determined  accurately,  but  it  is  evident  that  changes 
of  temperature  must  produce  great  stresses  in  its 
substance,  expansion  giving  rise  to  probably  a  certain 
amount  of  displacement  or  distortion  (the  amount  of 
which  will  depend  to  some  extent  upon  the  particular 
form  of  the  mass),  and  it  is  quite  possible  also  that 
under  certain  conditions  some  effect  might  be  produced 
analogous  to  that  of  cleavage  in  some  of  the  older  rocks, 
with  the  result  that  at  such  cleavage  planes  the  strength 
of  the  material  might  be  adversely  affected.  This, 
however,  could  only  be  expected  to  take  place  on  the 
mass  becoming  confined,  so  that  distortion  or  displace- 
ment could  not  take  place  even  when  the  stress  was 
approaching  the  ultimate  crushing  strength  of  the 
concrete,  a  condition  which  will  not  very  frequently 
occur.  Displacement  will  probably  be  the  means  by 
which  compressive  force,  due  to  expansion,  will  most 
frequently  make  itself  manifest. 

Contraction,  on  the  other  hand,  will  subject  the  struc- 
ture to  tensile  stresses,  assailing  the  material  on  its 
weakest  side,  and  after  certain  limiting  dimensions 
have  been  exceeded  will  assuredly,  under  ordinary 
conditions,  produce  fracture  in  the  structure. 

I  consider  that  a  concrete  wall  of  a  length  of  100  ft. 
and  over,  which  will  be  exposed  to  the  full  effect  of 
atmospheric  changes  of  temperature,  ought  to  have 
expansion  joints  provided.  In  a  wall  which  has  to  hold 
back  water,  such  as  a  reservoir  wall,  the  joint  must  be 
so  designed  that,  when  it  is  most  open,  during  the 
period  of  lowest  temperature,  the  passage  of  water 
will  be  prevented.  This  may  be  accomplished  by 
the  adoption  of  some  such  device  as  a  tongue  of  plastic 
bitumen  within  the  thickness  of  the  wall. 

When  this  condition  has  not  to  be  fulfilled,  then 
such  precaution  is  not  necessary  ;  indeed,  the  expansion 
joint  then  becomes  unnecessary,  except  in  so  far  as  it 
selects  the  line  on  which  the  movement  shall  show, 
instead  of  leaving  it  to  chance,  which  usually  results 
in  unsightly  cracks. 

A  more  satishu  tory  method  of  providing  tor  ex- 
pansion  and   contraction   is   by  avoiding   as   much     as 

possible  long  straight  lines  in  the  design,  and  adopting 
instead  curved  lines.     The  facing  of  the  concrete  with 
masonry   or    brickwork    will    also    have    a    bene 
effect  in  reducing  the  range  of  temperature  changes 

to  which  the  internal  mass  of  concrete  will  lie  subjected. 

The    effects  of    often  repeated    expansion   and   ion- 
traction  in  a  concrete  structure  is  a  very  important 

question,  requiring  very  caretul  investigation. 


IS  ANYTHING  THE 
MATTER  WITH  PIECE  WORK  ? 


FRANK    RICHARDS. 

The  author  criticises  premium  systems  in  the  light  of  practical  experience,  urging  among  other 
things  that  they  offer  a  reduced  incentive  at  the  precise  time  when  the  need  of  incentive  is  most 
urgent. — Ed. 


ATTENTION  is  invited  to  the  accompanying 
diagram,  which  is  easily  understj^d.  The 
purpose  of  it  is  to  show  the  actual  earnings  of  the 
workman,  and  of  course  also  the  labour-cost  to  the 
employer,  for  any  given  amount  of  work  done  under 
either  day  work  or  piece  work  at  different  tates,  the 
Rowan  premium  system  and  Mr.  Halsey's  premium 
plan.  The  amount  of  work  done  is  represented  by 
the  lengths  of  the  horizontal  lines  and  the  wages 
paid  are  represented  by  the  vertical  lines. 

THE     ROWAN     SYSTEM. 

The  Rowan  system  starts  with  a  fair  day's  work, 
although  that  may  not  be  the  term  used  to  designate 
it.  The  unit  assumed  is  the  amount  or  quantity 
of  work  which  the  man  should  ordinarily  be  expected 
to  do  in  a  day  for  the  ordinary  day's  wage  without 
any  special  inducement.  The  premium  is  earned 
only  by  the  work  which  is  done  in  excess  of  the  regular 
day's  work,  and  the  premium  earned  is  according 
to  the  time  saved  in  doing  the  work.  If  double  the 
work  is  done  in  the  given  time  then  one-half  the 
time  is  saved  and  the  man  is  paid  one-half  in  addition 
to  his  regular  wages.  If  the  man  does  one  and  a-half 
times  his  day's  work  then  one-third  of  the  time  is 
saved  and  he  is  paid  one-third  more  than  his  dav's 
wages,  and  so  on.  The  basis  of  computation  is  thus 
fixed  and  cannot  be  juggled  with,  but  the  inducement 
constantly  decreases  with  the  amount  of  work  done, 
so  that  whatever  a  man  may  do  he  can  never  bv  any 
possibility  double  his  earnings.  Mr.  Halsev's  premium 
plan  will  be  designated  hereafter  as  the  premium  plan. 

Referring  to  the  diagram  it  will  be  seen  that  both 
day  work  and  piece  work,  whatever  the  rate  of  the 
latter,  are  represented  throughout  by  straight  lines. 
A  discouragement  curve  represents  the  Rowan  premium 
system  and  Mr.  Halsey's  premium  plan  has  a  bend 
sinister.  It  was  impossible  to  include  Mr.  Gantt's 
bonus  system  in  the  diagram  because  a  part  of  it, 
the  part  where  you  do  not  quite  earn  the  bonus, 
must  be  represented  by  an  invisible  line. 

It  cannot  fail  to  strike  the  observer  at  once  that 
in  the  premium  plan  the  work  which  is  done  in  the 
earning  of  the  premium  is  straight,  absolute  piece 
work.  The  name  cannot  disguise  it.  The  line  in 
the  diagram  for  the  premium  plan  at  one-half  rate 
is  exactly  parallel  to  the  half  rate  piece  work  line, 
the  wages  earned  rise  equally  in  each  with  equal 
increments  of  work  done.  So  the  three-eighth  premium 
rate  is  parallel  to   the  three-eighth  piece  work  rate, 


and  so  on.  If  in  making  the  premium  plan  bargain, 
the  proposition  were  made  to  the  man  to  first  do  his 
allotted  quota  and  be  credited  with  his  day's  wages 
and  that  then  he  should  go  to  work  by  the  piece  for 
the  remainder  of  the  day  at  one-half  the  day  rate, 
that  would  be  the  premium  plan  in  every  particular. 

THE     PREMIUM     PLAN     CRITICISED. 

The  partial  piece-work  character  of  the  premium 
plan  being  undeniable,  a  paper  whose  topic  is  piece 
work  must  claim  the  right  to  handle  it  freely  and 
without  apology.  The  premium  plan  was  invented 
bv  its  originator  nineteen  years  ago  ;  it  was  put  in 
operation  in  the  shop  at  Sherbrooke,  Canada,  thirteen 
vears  ago,  and  was  first  brought  to  the  notice  of  this 
Society  in  a  paper  twelve  years  ago.  The  plan,  I  know, 
has  been  proposed  and  advocated  in  all  honesty  of 
purpose ;     it    has   been   pushed   with   earnestness   and 
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persistency.  As  a  result  the  premium  plan  is  in 
operation  in  a  few  machine  shops  and  nowhere  else. 
I  venture  the  personal  opinion,  based  on  the  fullest 
available  information,  that  perhaps  two  per  cent, 
of  the  machine  work  in  the  United  States  is  done 
under  the  premium  plan,  while  ten  times  as  much 
is  done  by  undisguised  piece  work  and  much  more  than 
half  is  still  done  by  the  day. 

It  is  not  at  all  apparent  that  there  are  any  peculiar 
conditions  in  the  machine  shop  which  demand  any 
different  plans  of  wage  adjustment  than  are  prevalent 
in  the  other  trades.  While  a  knowledge  of  the  premium 
plan  is  now  widespread,  the  plan  has  not  made  itself 
appear  so  good  a  thing  that  any  of  the  other  trades 
have  taken  it  up.  It  would  not  work  with  the  shoe- 
makers of  Lynn,  the  hatters  of  Danbury,  the  glove- 
makers  of  Gloversville,  or  the  stitchers  and  starchers 
in  the  collar  shops  of  Troy,  for  they  all  work  by  the 
piece,  as  do  most  of  the  manufacturing  trades,  and 
the  ultimate  possibilities  of  economical  production 
are  thereby  secured  as  completely  as  they  can  ever 
be  claimed  to  be  under  the  premium  plan. 

HOW     IT     WOULD     WORK     WITH      BRICKLAYERS. 

We  might  by  an  effort  imagine  the  effect  of  pro- 
posing the  premium  plan  to  one  of  the  trades  outside 
the  machine  shop.  Let  it  be  tried  on  a  lot  of  brick- 
layers. Say  that  it  is  first  agreed  that  the  day's 
wages  are  earned  when  five  hundred  bricks  are  laid, 
and  that  the  premium  plan  begins  right  there.  The 
bald  proposition  is,  first,  that  if  five  hundred  bricks 
are  laid  five  hundred  bricks  will  be  paid  for.  This 
is  so  far  meant  to  be  an  honest  bargain  on  both  sides. 
If  you  don't  lay  another  brick  above  the  five  hundred  we 
will  have  no  cause  of  complaint.  Well,  now,  having 
agreed  to  pay  for  the  laying  of  the  five  hundred  bricks, 
when  the  five  hundred,  bricks  are  laid  go  on  and  lay 
as  many  more  as  you  can.  If  you  lay  seven  hundred 
and  fifty  bricks  we  will  pay  you  for  laying  six  hundred 
and  twenty-five  bricks ;  if  you  lay  one  thousand 
bricks  we  will  pay  you  for  laying  seven  hundred  and 
fifty  bricks,  and  so  on.  It  will  be  very  plain  that 
under  this  arrangement  the  workmen  are  clearly 
the  gainers,  for  if  you  lay  more  bricks  you  get  some 
more  money,  and  every  additional  cent  you  get  is, 
of  course,  clear  gain  to  you.  The  absurdity  of  this 
thing,  when  dealing  with  bricklayers,  is  sufficiently 
evident  ;  are  machinists  so  vastly  different  from 
bricklayers  ? 

They  must  be  different  or  else  there  are  some 
things  about  the  premium  plan  upon  which  I  need 
information.  One  of  the  inherent  and  inseparable 
conditions  of  the  scheme  would  seem  to  be 
the  voluntary  acceptance  of  it  by  the  individual 
workman.  It  depends  entirely  upon  himself  how- 
much  the  man  shall  do  after  the  allotted  amount 
for  the  day's  work  is  done.  He  may  do  much  or  he 
may  do  little,  and  therefore  if  he  so  chooses  he  may 
do  none  at  all,  but  just  be  content  to  work  along 
at  his  usual  rate  and  just  earn  his  day's  wages.  The 
premium  plan,  as  I  understand  it,  is  ostensibly,  entirely 
a  coaxing  and  not  at  all  a  driving  plan  ;  and  yet  it  is 
a  matter  of  common  knowledge  that  in  the  State 
oi  New  York  alone  there  have  been  two  determined 
strikes  against  the  premium  plan  in  the  past  year. 
This  seems  odd.  It  yon  don't  choose  to  do  what 
you  are  formally  and  distinctly  allowed  to  choose 
whether  you  will  do  or  not,  what  possibility  for  a 
strike  can  there  be  in  that  ?  Can  it  !><■  that  premium 
plan  enthusiasts  sometimes  venture  to  put  on  to  the 
plan  some  features  which  do  not  belong  to  it  ?  1 
cannot  imagine  any  other  way  in  which  a  strike  could 
be  possible. 


THE    CUTTING     OF     RATES. 

If  they  can  tag  things  on  and  objectionably  modify 
the  premium  plan  they  can  also  knock  things  off. 
The  one  essential  safeguard  of  the  premium  plan 
continually  insisted  upon  is  that  there  shall  be  no 
cutting  of  rates  when  once  established.  This  must 
inevitably  involve  injustice,  because  prices  both  of 
labour  and  of  finished  products  change  continually, 
and  there  must  be,  if  justice  is  to  prevail,  sometimes 
a  cutting  of  rates  and  sometimes  an  advance  of  rates. 
So  far  as  it  is  possible  to  fix  honest  prices,  and  to 
maintain  them  there  as  long  as  it  is  just  to  both  sides 
to  do  so,  it  can  be  done  as  well  with  straight  piece 
work  as  with  any  premium  plan,  and  is  so  done.  For 
instance,  I  have  knowledge  of  an  establishment  in 
the  machine  line,  whose  identity  I  must  not  disclose, 
where  fifteen  hundred  men  are  employed  and  where 
piece  work  prevails  in  all  departments,  so  that  ninety 
per  cent,  of  the  productive  work  of  the  entire  estab- 
lishment is  done  by  piece  work,  and  it  may  be  said 
of  that  establishment  that  there  is  no  cutting  of  rates 
there,  just  as  truly  as  I  suppose  it  is  ever  said  of  works 
where  the  premium  plan  is  in  use.  All  prices  when 
made  run  for  a  year.  They  are  not  arbitrarily  imposed 
by  the  employer  or  his  representatives,  but  are  the 
Outcome  of  fair  and  free  and  friendly  conference, 
and  when  changes  of  price  are  imperative  they  are 
adjusted  again  in  the  same  way.  The  works  are 
prosperous  continually,  and  the  relation  of  employers 
and  employes  are  less  strained  than  they  were  under 
other  arrangements. 

It  must  be  evident  that  none  of  these  premiums 
or  bonus,  or  other  curved  or  bent,  or  defective  line 
schemes,  whatever  they  may  claim  in  the  way  of 
quickening  the  pace  of  the  worker  and  increasing  the 
output,  can  be  the  most  effective,  for  the  reason 
that  they  offer  a  reduced  incentive  at  the  precise 
time  when  the  need  of  incentive  is  most  urgent.  It 
is  the  last  piece  done  which  comes  the  hardest,  and 
it  is  absurd  to  offer  the  man  half-price  or  less  for  doing 
it.  With  either  of  the  premium  plans  doing  its  best 
in  the  way  of  increased  output  and  reduced  labour 
cost  per  unit,  and  with  piece-work  prices  adjusted 
to  precisely  the  same  price  per  piece,  the  inducement 
to  the  worker  to  increase  his  output  still  further  must 
be  greater  under  the  piece  work  than  under  the  premium 
plan.  The  guarantee  that  prices  shall  not  be  cut 
is  precisely  as  applicable  to  piece  work  as  to  the 
premium  plan.  The  latter  has  absolutely  no  monopoly 
of  honesty,  no  assurance  of  price  maintenance  any 
more  than  the  other.  With  equal  temptation  to  cut, 
and  with  the  same  human  nature  in  the  boss,  the 
chances  of  cutting  will  average  precisely  equal. 
THE    ADVANCE    OF     PIECEWORK. 

With  no  one  having  the  slightest  interest  in  pushing 
or  advertising  piece  work,  it  is  advancing  on  its  merits 
as  the  most  honest  way  of  paying  for  repetitive  work 
in  the  machine  trade  as  in  all  others.  It  is  \\ 
while  to  note  its  popularity  and  progress  espe;  i 
in  the  extensive  line  oi  railroad  work.  The  testimony 
at  the  meetings  of  the  various  railroad  organisations 
is  very  pronounced  in  this  direction.  At  the  meeting 
this  summer  oi  the  Railroad  Master  Blacksmiths 
one  man  stated  that  absolutely  every  job  in  his  shop 
was  done  by  the  piece.  When  the  price  could  not 
be  placed  on  the  work  to  be  done  it  was  placed  on 

the    "  heat."       Perhaps   it    may    not    always   be   possible 
to    do    this    in    the    machine    Shop,    but    whenever    the 

opportunity  arises  to  consider  the  mode  ot  paymenl 

it  should  always  be  ID  order  tO  ask  I    What's  the  Slatter 

with  Piece  Work  ? 

A  paper  read  :a  the  New  York  iMeeting  of  the  American  Society  of 
Mechanical  Enginei 
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I. -DR.   BARTON.  PRESIDENT    OP    THE    AERONAUTICAL    SOCIETY. 


\VHILE  many  engineers  are  deep  in 
questions  of  electrification,  permanent 
way  and  communication  by  tubes  beneath 
the  earth,  it  should  not  be  forgotten  that  there 
are  those  who  are  no  less  deeply  concerned  in 
solving  the  problem  of  aerial  flight — a  problem 
which,  if  satisfactorily  determined,  would  tend 
to  place  ordinary  systems  of  transport  somewhat 
at  a  discount. 

The  writer  recently  chatted  with  one  of  the 
most  enthusiastic  of  these  gentlemen  who  are 
endeavouring  to  make  a  conquest  of  the  air. 
The  scene  was  an  immense  wooden  shed  at 
Alexandra  Park,  open  at  one  end  to  the  skv. 
The  aeronaut  was  Dr.  Barton.  President  of  the 
Aeronautical  Society,  whose  airship,  rapidlv 
approaching  completion,  loomed  large  in  the 
centre  of  the  shed. 

The  ship  is  described  by  the  inventor  in 
another  part  of  the  Magazine.  It  is  the  largest 
airship  yet  attempted.  The  bamboo  framework 
oi  the  ship  proper  suggests  its  nautical  pro- 
totype. It  is  nearly  twenty  feet  in  depth,  and 
another  forty  feet  has  to  be  allowed  for  the 
cigar-shaped  balloon.  All  the  parts  are  either 
'.ashed  together  or  clamped  in  castings  of 
aluminium  :  it  is  innocent  of  nails  or  screws. 
A  central  deck  or  gangway  runs  from  one  end 
to  the  other,  and  connects  up  a  number  of 
platforms,  which  carry  the  machinerv  and 
crew.  Three  sets  of  movable  aeroplanes— 10  in 
each  set — are  placed  in  the  bows,  amidships  and 
at  the  stern  respe^tivelv. 

We  gathered  in  conversation  with  Dr.  Barton, 
that  he  was  born  at  Dover  in  1861,  and  was 
educated  at  Harrow  and  Cambridge.  He  has 
always  been  fond  of  athletics,  and  some  vears 
ago  rowed  in  the  'Varsity  trials  for  Cambridge. 
He  received  his  medical  training  at  Cambridge, 
and  in  St.  George's  Hospital.  London,  and" is 


now  President  of  the  Medical  Society  at 
Beckenham.  where  he  has  been  in  practice  for  the 
last  fifteen  years. 

It  was  over  twenty  years  ago  that  Dr.  Barton 
first  took  an  interest  in  airships,  and  his  first 
attempt  at  constructing  one  resulted  in  a  model 
almost  identical  with  the  machine  in  which 
M.  Santos  Dumont  encircled  the  Eiffel  Tower. 
After  constructing  several  self-propelling  models 
on  the  purely  navigable  balloon  system.  Dr. 
Barton  turned  his  attention  to  aeroplane 
machines,  but  finding  both  these  unsatisfactory, 
he  finally  combined  both  principles,  and  after 
st-veral  experiments  with  models,  was  so 
successful  that  he  secured  an  order  from  the 
War  Office  to  construct  an  airship  suitable  for 
service  in  warfare.  This  is  the  ship  now  under 
construction  at  the  Alexandra  Palace. 

Having  taken  careful  stock  of  the  ship,  its 
aeroplanes,  motors,  ingenious  ballasting  arrange- 
ments, etc..  we  sounded  Dr.  Barton  as  to  the 
time  taken  in  the  evolution  of  his  idea. 

"  I  was  engaged  for  two  years  on  the  plans." 
he  said.  "  Almost  endless  experiments  were 
tried  before  even  the  materials  of  construction 
were  finally  adopted,  and  then,  of  course. 
every  separate  detail  had  to  be  carefully  thought 
out." 

"  You  have  relied  mostly  upon  bamboo  ?  " 

"  Yes."  said  the  Doctor,  turning  to  a  stack  of 
bamboo  masts  about  six  inches  in  diameter,, 
and  many  feet  in  height.  "  Can  you  lift  this  ?  " 

The  interviewer  braced  his  muscles  for  a  feat 
of  strength,  but  in  the  result  was  able  to  lift  it 
easily  with  one  hand. 

Taking  a  piece  of  thin  bamboo,  about  8  ft. 
long,  the  Doctor  illustrated  its  strength  and 
rigidity  by  showing  that  the  bar  would  easily 
support  the  weight  of  a  man. 

"It    has    a    great    deal    of    silica    in     its 
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composition,"  he  remarked,  "  and  made  short 
work  of  our  sawing  tools.  Aluminium  is  the 
.metal  chiefly  employed,"  he  added,  "  and,  as  you 
see,  steel  has  only  been  used  for  the  shafts  of 
the  propellers  and  aeroplane  frames." 

"  The  machine  is  now  practically  complete, 
is  it  not  ?  " 

"  Well,  nearly.  Under  favourable  circum- 
stances I  could  make  an  ascent  in  a  month." 

Further  questions  elicited  the  fact  that  the 
delay  is  being  caused  not  by  any  unlooked-for 
difficulties  in  construction,  or  even  climatic 
reasons.  Airship  construction,  just  as  ordinary 
shipbuilding,  is  subject  to  the  ordinary  diffi- 
culties and  delays  of  commerce.  Dr.  Barton 
mentioned  that  the  financial  side  of  the  business 
is  occupying  his  attention,  and  he  is  making 
arrangements  for  the  introduction  of  fresh 
capital. 

"  And  you  think  that  the  flying  machine  has 
ultimately  got  to  come  ?  "  we  ventured. 

"  Unquestionably  !  "  said  the  Doctor,  with 
•emphasis.  "  It  is  only  a  matter  of  time.  You 
know  how  it  is  with  a  boy  who  is  learning  to 
swim.  You  hold  him  up  with  a  cord  to  start 
with.  Then,  as  he  becomes  more  expert,  you 
gradually  loosen  the  cord  until  he  can  support 
himself  by  his  own  efforts.  It  is  just  so  with 
Ihe  airship.  I  shall  carry  a  balloon  with  suffi- 
cient hydrogen  to  keep  her  balanced  just  above 
ground  ;  the  aeroplanes  will  do  the  rest.  Then, 
as  our  knowledge  increases,  this  aid  will  be 
gradually  withdrawn,  until  the  ideal  airship — 
■that  is,  one  composed  entirely  of  aeroplanes 
and  propellers,  is  arrived  at." 

"  And  the  passengers  ?  " 

"  The    crew,"    corrected    Dr.    Barton,    "  will 


consist  of  seven  persons.  My  own  attention 
on  the  first  trip  will  be  devoted  to  taking 
observations.  There  will  be  also  three  engineers, 
an  aeronaut,  a  helmsman,  and  my  boy,  who, 
by  the  way,  is  a  capital  little  engineer,  and 
thoroughly  understands  the  motors." 

Here  we  were  shown  the  telegraphic  system 
by  which,  on  the  Bowden  brake  principle,  all 
the  engineers  will  be  in  communication  with  the 
helmsman's  platform. 

"  Of  course,  in  an  airship  of  this  description 
there  will  be  no  promenading  of  the  deck;  and 
we  see  that  your  helmsman  is  stationed  almost 
in  the  middle  of  the  ship." 

"  That  is  so  ;  the  helmsman  will  be  stationed 
there  in  order  that  he  may  be  as  near  as  possible 
to  the  aeronaut." 

Dr.  Barton  then  explained  the  means  by 
which  the  water  ballast  will  be  worked,  re- 
marking that  this  system  of  ballasting  will  now 
be  used  for  the  first  time.  He  also  showed  us 
his  arrangements  for  giving  the  ship  an  ascending 
or  descending  motion  by  means  of  aeroplanes. 

"  You  have  already  made  several  ascents, 
we  think,  in  the  ordinary  way  ?  " 

"  I  have  not  had  many  trips,  but  rather 
exciting  ones.  On  Coronation  day  I  crossed 
the  Channel  with  Mons.  Gaudron  in  a  balloon." 

"  And  had  rather  a  rough  time,  we  believe  ?  " 

"  Well,  we  were  caught  in  a  gale  off  Calais. 
The  balloon  went  bump  into  the  sea  on  the  flats 
outside  Dunkirk.  Relieved  temporarily  of  the 
weight  of  the  car,  it  rose  abruptly,  and  carried 
us  a  little  further,  when  we  were  treated  to 
another  bath,  and  so  on — finally  we  were  carried 
across  the  surf  to  land,  but  it  was  a  narrow 
escape." 


LOCOMOTIVE   ENGINEERING   NOTES. 


French  Locomotive  Practice. 

For  several  years  past — nearly  a  decade  in  fact — 
the  predominant  feature  of  French  locomotive  practice 
has  been  the  adoption  and  rapid  development  of 
the  de  Glehn  compounds  for  express  passenger  duty. 
With  the  able  and  hearty  co-operation  of  M.  du 
Bousquet  on  the  one  hand  and  of  M.  Baudry  on  the 
other,  this  system  was  embodied  in  the  express  loco- 
motive types  constructed  for  the  Chemin  de  Fer  du 
Xord  and  the  Chemin  de  Fer  de  P.L.M.,  quite  early 
in  the  nineties.  The  de  Glehn  engines  built  for  those 
two  great  lines  differed  mainly  in  respect  of  the 
diameters  of  the  four  driving  wheels,  those  on  the 
Xord  line  being  -  ft.  and  those  on  the  P.L.M.  6  ft.  -  in. 
in  diameter,  while  the  cylinders  were  of  such  propor- 
tionate dimensions  as  to  give  approximately  identical 
tractive  force.  Up  to  the  end  of  1S99  the  Chemin 
de  Fer  du  Xord  had  60  eight-wheeled  express  engines 
on  this  system,  Xos.  2. 12 1-2. 180,  virtually  alike 
in  main  design,  but  built  in  five  successive  batches. 
each  slightly  in  advance  of  its  predecessor  in  respect 
of  power — mainly  in  the  department  of  boiler-capacity, 
the  steam  pressure  also  increasing  from  109  to  213  lbs. 
per  square  inch.  The  P.L.M.  acquired  40  of  its 
own  variety  of  these  locomotives,  Xos.  C.21-C.60, 
subsequently  adding  90  more  considerably  larger  and 
more  powerful,  Xos.  C.61-C.150.  The  Midi,  Etat, 
Kst.  and  Ouest  lines  all  adopted  the  de  Glehn  type, 
which  had  been  brought  out  by  M.  du  Bousquet 
on  the  Chemin  de  Fer  du  Xord,  differing  only  in  minor 
detail,  their  initial  numbers  being  respectively  17;  1, 
2701.  2401,  and  503.  All  these  engines  had  lour 
driving-wheels  coupled,  6  ft.  7  in.  to  7  ft.  in  diameter 
two  high-pressure  cylinders,  placed  outside,  about 
13  in.  to  13^  in.  diameter,  and  two  low-pressure 
cylinders,  placed  inside,  20  in.  to  21  in.  in  diameter, 
each  cylinder  having  a  25$  in.  piston  stroke :  the 
total  heating  surface  was  1,500  to  2,000  square  feet, 
and  the  steam  pressure  199  to  213  lbs.  per  square  inch. 

A  New  Development. 

Then  the  Chemin  de  Fer  du  Midi  took  a  fresh  depar- 
ture. For  certain  of  its  services  it  needed  an  engine 
with  greater  haulage  power  — that  is  to  say,  tractive  force 
multiplied  by  adhesion  weight — than  the  four-coupled 
de  Glehns  possessed.  Accordingly,  M.  Moffre  designed 
a  ten-wheeled  locomotive,  a  compound  on  the  de 
Glehn  system,  but  with  six  coupled  wheels  of  smaller 
diameter  than  those  of  the  four-coupled  tvpe.  viz., 
5  ft.  8  in.,  and  with  slightly  larger  cylinders,  the 
four-wheeled  leading  bogie  being  retained.  These 
engines,  Xo.  1301,  etc.,  proved  so  valuable  that 
after  a  preliminary  trial  of  Xo.  1301  on  the  Chemin 
de  Fer  du  Xord — when  she  achieved  haulage  feats 
previously  undreamed  of — M.  du  Bousquet  adopted 
the  type  and  gave  a  first  order  of  no  fewer  than  fifty 
for  his  railway.  They  were  built  by  three  different 
outside  firms  and  number,  3.121-3.170,  manv  more 
being  subsequently  built.  Originally  intended  for 
fast  goods  or  heavy  excursion  passenger  trains,  they 
were  soon  found  to  be  most  efficient  express  engines 
also,  less  fast  on  the  level  and  on  falling  grades  than 
the  eight-wheelers,  but  able  to  haul  very  heavy  loads 
up  considerable  grades  with  surprising  ease  and  swift- 
ness. They  were  adopted  also  by  the  other  French 
main  lines,  and  a  subclass  came  out  on  the  P.L.M. 
and  Midi  lines,  which  obtained  increased  tractive 
force  by  further  reduction  of  the  driving-wheel 
diameter.  These  two  main  types  with  their  minor 
class-differentiations  thus  became  the  almost  exclusive 
features  of  modern  French  practice  as  regarded  fast 
services,  whether  for  passengers  or  for  goods.  The 
provisions    for    passenger    stopping    trains,    suburban 


services,  slow  goods  and  mineral  traffic  differed  of 
course  toto  coelo  and  require  to  be  dealt  with  quite 
separately.  But  the  service  of  grande  vitesse  in  both 
its  branches  calls  manifestly  for  first  attention. 

Latest  French  De  Glehn  Atlantic. 

But  quite  recently  the  du  Bousquet-de  Glehn 
"  Atlantic  "  engine  of  the  Chemin  de  Fer  du  Xord 
has  itself  undergone  a  fresh  and  remarkable  develop 
ment  in  respect  of  dimensions.  On  the  instruction 
of  M.  Solacroup,  the  able  Ingenieur  en  Chef  du  Materiel 
et  de  la  Traction  of  the  Chemin  de  Fer  de  Paris-Orleans, 
M.  de  Glehn  constructed  for  that  railway,  at  the 
Ateliers  of  the  Societe  Alsacienne  de  Constructions 
Mecaniques,  an  engine,  Xo.  3004,  of  truly  colossal 
proportions  not  only  dwarfing  the  Xord  and  Great 
Western  engines  of  the  same  type,  but  exceeding 
in  weight  even  the  locomotive  giants  placed  on  the 
Caledonian  Railway  by  Mr.  J.  F.  M'Intosh,  Xos.  49 
and  50,  and  on  the  Xorth-Eastern  by  Mr.  Wilson 
lell,  No.  532.  This  new  French  mammoth 
closely  follows  the  lines  of  the  Great  Western  "Atlantic," 
"  La  France."  But  the  Orleans,  Xo.  3004,  is  larger 
everywhere  excepting  only  as  to  its  driving  wheels, 
which  are  identical  in  size,  being  6  ft.  S  in.  in  diameter^ 
The  other  principal  dimensions  of  X'o.  3004  are  as 
follow  : — 
Boiler — 

Diameter  . .  . .      4  ft.  1  iV  in. 

Steam  pressure  .  .  . .      228  lbs.  per  sq.  ft. 

Tubes  (Serve) — 

X umber  .  .  .  .  . .      139 

Length  . .  .  .  .  .      17  ft.  4  in. 

Diameter  .  .  .  .  . .      3  in. 

Heating  surface — 

Tubes    .  .  . .  . .  . .      2,420  sq.  ft. 

Firebox  .  .  . .  .„         180 

Total         . .  . .  . .      2,600  sq.  ft. 

Firegrate  area  .  .  33  sq.  ft. 

Diameter  of  h.p.  cylinders      .  .  14^  in. 

Diameter  of  l.p.  cylinders      . .  23I  in. 

Piston  stroke   . .  .  .  .  .  in. 

Diameter  of  coupled  wheels   .  .  o  ft.  3  in. 

Diameter  of  trailing  wheels   .  .  ;  ft. 

Diameter  of  bogie  wheels       .  .  3  ft.  2  in. 

Weight  of  engine  loaded         ..  7  3  tons. 

Weight  on  coupled  wheels     .  .  36  tons. 

Weight  on  trailing  wheels      .  .  16  tons. 

Weight  on  leading  bogie        . .  21  tons. 

These  fine  engines  will  run  the  heavv  fast  expresses- 
between  Paris  and  Bordeaux  which,  when  thev  clear 
the  suburban  obstacles  that  cluster  near  the  French 
capital,  are  booked  at  an  average  inclusive  rate  of. 
over  ^z  miles  an  hour,  while  the  various  stages  between 
stops  are  booked  at  average  start  to-stop  speeds 
of  52  to  55^  miles  an  hour  over  a  road  which  has 
long  banks  at  1  in  200  to  1  in  125,  and  with  loads 
ranging  from  200  to  300  tons  behind  the  tender. 
These  remarks  do  not  apply  to  the  still  faster-timed 
"  Sud  Expresses "  which  are  relatively  light  trains 
and  are  worked  by  the  older  and  smaller  engines, 
but  which,  being  composed  of  International  Sleeping 
Car  Company's  stock,  are  limited  to  a  maximum 
speed  of  100  kilometres  or  62-1  miles  an  hour,  whereas 
the  trains  consisting  of  the  company  s  own  ordinary 
stoc'.;  are  allowed  to  attain  120  kilometres  011746  miles 
an  hour. 

A  Gigantic  French  4-6-0. 

But   the  newest   express   locomotive  of  the  French 
Eastern  Railway  is  in  some  respects  still  more  unusuat 
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in  style.  It  has  been  designed  by  M.  Salomon,  the  able 
Ingenieur  en  Chef  du  Materiel  et  de  la  Traction  of 
the  Chemin  de  Fer  de  l'Est,  and  built  at  the  Ateliers 
of  the  Company  at  Epernay.  It  is  a  compound  of 
the  de  Glehn  type  and  is  a  larger  development  of 
the  earlier  4-6-0  class — known  as  "Series  10"  — 
in  which  the  six-coupled  wheels  were  5  ft.  8  in.  in 
diameter;  the  high  pressure  cylinders  13$- in.  by 
25}  in.,  and  the  low-pressure  cylinders  21  in.  by 
25I  in.  The  special  peculiarity  of  the  new  engine 
consists  in  the  great  size  of  its  six-coupled  wheels, 
"these  being  no  less  than  6  ft.  io|-  in.  in  diameter. 
These  appear  to  be  the  largest  six-coupled  wheels 
■ever  employed  in  any  locomotive  outside  the  "  freak  " 
•order.  Many  years  ago  six  8  ft.  3  in.  wheels  were  given 
to  an  experimental  locomotive — on  the  "  Estrade " 
system,  all  the  carrying-wheels  of  the  engine,  tender 
and  train  being  of  the  same  extraordinary  size.  That 
•experiment  was  purely  of  the  "  freak  "  character — 
like  the  Thuille  locomotive  shown  in  the  Paris  Exhi- 
bition of  1900  which  also  had  8  ft.  3  in.  coupled  wheels 
— four-coupled,  however — but  which  was  never  accepted 
as  "  practical  politics."  The  new  Salomon-de  Glehn 
engine  of  the  Chemin  de  Fer  de  l'Est  is,  however,  a 
strictly  practical  locomotive  and  should  prove  exceed- 
ingly useful,  although  the  need  of  wheels  of  such  large 
diameter  may  fairly  be  deemed  open  to  question  in 
view  of  what  is  daily  accomplished  with  6  ft.  6  in. 
wheels. 

The  New  Giant  and  its  Duty. 

Two  engines  of  this  class  have  been  constructed. 
Their  duty  will  be  to  work  the  heavy  expresses  which 
carry  the  chief  traffic  between  Paris  (including  the 
English  share)  on  the  one  hand,  and  Switzerland 
and  Italy  on  the  other.  The  Anglo-French  portion 
is  worked  on  two  stages  between  Paris  and  the  frontier 
at  Petit-Croix,  the  engines  being  changed  midway, 
at  Chaumont.  The  Paris-Calais  stage  is  fairly  easy, 
the  ruling  grades  being  not  more  than  1  in  200.  But 
in  the  eastern  length  the  Vosges  Mountains  have 
to  be  crossed  by  grades  chiefly  at  1  in  125  and  this 
necessitates  ample  locomotive  power  on  heavy  trains 
booked  at  48  to  50  miles  an  hour.  Latterly,  the  earlier 
.4-6-0  engines  with  six-coupled  5  ft.  8  in.  wheels 
have  been  much  used  on  this  stage,  but  their  wheels 
were  thought  to  be  somewhat  too  small  for  the  highest 
•speeds,  although  similar  engines  with  5  ft.  8  in.  wheels 
have  long  been  doing  a  great  deal  of  equally  fast  express 
duty  on  the  Chemin  de  Fer  du  Nord.  So  the  new 
locomotives  have  been  given  wheels  actually  2  in. 
larger  than  those  of  the  latest  four-coupled  compounds 
on  the  same  railway  ;  also  larger  to  the  same  extent 
than  the  six-coupled  wheels  of  Mr.  Wilson  Worsdell's 
-similar  (but  non-compound)  type  on  the  English 
North-Eastern,  Nos.  2111-2115,  and  tnan  Mr.  G.  J. 
Churchward's  "  98  "  and  "  100  "  on  the  Great  Western, 
while  4  in.  bigger  than  the  wheels  of  Mr.  J.  F.  MTntosh's 
Caledonian  "  49  "  and  "  50."  Judging  from  the 
•experience  of  those  British  types,  the  new  Est  engines 
should  be  able  to  run  trains  of  300  tons  and  upward 
with  ease  at  the  highest  speed  officially  permitted, 
viz.,  75  miles  an  hour,  and  to  climb  the  Vosges  gradients 
of  1  in  125  at  well  over  40  miles  an  hour.  M.  Salomon 
is  to  be  congratulated  on  his  highly  interesting  new 
departure,  the  result  of  which  will  be  closely  watched 
in  this  country. 

The  Latest  Departure. 

The  closing  year  of  the  nineteenth  century,  a.d. 
1900,  witnessed  the  latest  departure  in  French 
locomotive  practice  in  the  introduction  on  the  Chemin 


de  Fer  du  Nord  by  M.  du  Bousquet  of  the  Atlantic 
design  for  express  locomotives,  the  de  Glehn  system 
of  compounding  being,  however,  maintained  in  its 
entirety.  The  salient  features  of  M.  du  Bousquet's 
new  design  consisted  in  reducing  the  driving-wheel 
diameter  by  practically  4  in.,  viz.,  from  7  ft.  to  6  ft.  8  in., 
in  taking  full  advantage  of  the  scope  offered  by  the 
addition  of  a  trailing  pair  of  carrying  wheels  behind 
the  firebox,  for  extending  the  dimensions  of  the  boiler 
and  firebox  longitudinally — thus  increasing  the  heating 
surface  to  2,300  square  feet,  in  increasing  the  steam 
pressure  to  228  lb.,  and  in  enlarging  the  low-pressure 
cylinders  to  22  in.  in  diameter,  while  the  two  pairs 
of  coupled  drivers  were  placed  close  together  in  front 
of  the  firebox  thus  midway  under  the  boiler  length 
and  with  the  shortest  possible  driving-wheel-base. 
In  other  words  the  now-famous  Atlantic  design  of 
MM.  du  Bousquet  and  de  Glehn  was  evolved  and  its 
earliest  exponent,  No.  2.641  started  work  in  1900, 
while  the  sister  engine,  No.  2.642,  was  on  view  in 
the  Vincennes  Annexe  of  the  Paris  Exhibition.  The 
tale  has  already  been  told  in  these  columns  of  Page's 
Magazine  by  the  present  writer  how  the  brilliant 
successes  of  the  new  type  led  to  its  large  multipli 
cation  on  the  railway  of  its  introduction  and  to  its 
adoption  also  on  the  French  Midi  line  and  finally 
to  an  engine  of  the  same  type  being  obtained  from 
M.  de  Glehn  for  the  Great  Western  Railway  of  England. 

The  Midland  Compounds. 

Not  long  ago  a  description  was  given  in  these  columns 
of  the  new  three-cylinder  compounds,  designed  and 
built  at  Derby  for  the  Midland  Railway,  by  Mr.  S.  W. 
Johnson,  the  eminent  Chief  Mechanical  Engineer 
of  that  line.  Also  some  particulars  were  added  of 
the  fine  work  done  under  the  writer's  personal 
observation  on  the  very  severe  section  of  the  Midland 
line  extending  from  Hellifield  to  Carlisle.  It  was 
mentioned  subsequently  that  the  two  later  members  of 
this  class,  Nos.  2633  and  2634  were  now  working  up  to 
London  with  express  trains.  Some  brief  account  of  one 
of  their  performances  under  the  writer's  own  obser- 
vation, on  this  section  of  the  Midland  Railway,  will 
probably  be  read  with  interest.  No.  2634  was  em- 
ployed to  take  the  10.15  a-m-  down  Manchester  Express 
from  St.  Pancras  to  Leicester.  The  load  was  extremely 
heavy.  It  was  officially  reckoned  as  "21  coaches," 
representing  a  total  weight  of  fully  350  tons  behind 
the  tender.  On  the  first  stage,  London  to  Bedford, 
the  engine  had  to  contend  with  long  banks  at  1  in  177, 
1  in  176,  etc.  ^  These  she  ascended  readily  at  a 
minimum  speed  of  47-4  to  50  miles  an  hour. 
Bedford  was  reached  in  53  minutes  33  seconds,  start 
to  stop,  the  distance  being  a  few  yards  under  50  miles. 
The  length  of  19^  miles  from  Luton  to  the  Bedford 
stop,  mostly  downhill,  was  run  in  the  quick  time  of 
17  minutes  7  seconds,  a  maximum  speed  oi  8o-3  miles 
an  hour  being  attained  down  the  1  in  200.  Starting 
afresh,  the  following  run  of  49J-  miles  to  Leicester 
was  done  in  56  minutes  42  seconds  start  to  stop,  not- 
withstanding a  delay  of  i£  minute  through  a  signal 
check  outside.  The  net  time  from  London  to 
Leicester  allowing  for  the  stay  at  Bedford,  the  start 
and  stop  there,  and  the  signal  cheek  already  mentioned, 
was      105 1.     minutes     EOT     the    99      miles.       The    second 

stage  includes  three  trying  banks  chiefly  at  1  in 
100  to  1  in  119,  1  iii  iw  and  1  in  110  to  1  in  [60. 
The  minimum  rate  up  1  in  1  [9  was  40  miles  an 
hour.  Such  work  as  this  unmistakably  "  hall-marks  " 
Mr.  Johnson's  new  engines  as  of  the  right  stamp  for 
service  with  heavy  and  last  timed  train-. 

C.  Rous-Marten. 
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THE  CIVIL  ENGINEER  AT  WORK. 


Harbour  Works  fop  the  Great  Western  Railway. 

The  Great  Western  Railway  Company  will  proceed 
immediately  with  their  scheme  for  the  construction  of 
harbour  and  other  works  at  Weymouth,  for  which  Parlia- 
mentary powers  were  obtained  in  1898.  The  new  scheme 
will  necessitate  some  heavy  engineering  work,  but  when 
completed  the  Great  Western  Railway  will  have  one  of 
the  finest  harbours  in  the  country,  which  will  admit 
vessels  of  all  sizes  and  at  any  hour  of  the  tide.  The 
present  Weymouth  harbour  is  narrow  and  inconvenient, 
and  as  it  was  found  impossible  to  adapt  it  to  the 
company's  requirements,  it  is  proposed  to  construct  an 
entirely  new  harbour  of  70  acres  in  extent  by  construct- 
ing two  new  breakwaters,  one  to  be  thrown  out  from  the 
Xothe  Fort  and  the  other  from  the  new  Admiralty  break- 
water. Inside  the  harbour  two  jetties  will  be  provided, 
together  with  the  necessary  wharves  and  wareh. 
An  important  section  of  the  works  provides  for  a  line 
from  the  new  dock  railway  along  the  Admiralty  break- 
water, which  will  enable  the  company  to  convey  coal  to 
the  war  vessels  in  Portland  Roads  with  the  utmost 
expedition.     A  local  loop-line  is  also  to  be  made. 

The  works  which  have  been  carried  out  for  the  com- 
pany at  Fishguard  Bay  will  result  in  a  material  shorten- 
ing of  the  passage  to  Ireland,  the  Irish  traffic  being 
diverted  from  New  Milford  to  Goodwick  on  the  south  of 
the  bay.  From  this  point  to  Rosslare  the  distance  is  only 
54  nautical  miles,  as  compared  with  the  08  nautical  miles 
ot  the  existing  route  between  New  Mihord  and  Water- 
ford.  The  works  have  involved  the  building  of  a  quay 
at  Fishguard  Bay  a  mile  in  length  and  250  ft.  wide, 
while  the  bay  is  being  protected  by  a  breakwater  2,000ft. 
in  length. 

Dockising  the  Thames. 

Next  session  when  the  scheme  of  the  Dock  Companies 
has  to  go  through  the  Parliamentary  mill,  it  is  stated  that 
a  novel  plan  will  be  brought  forward  with  the  object  of 
converting  forty  miles  of  the  navigable  portion  of  the 
Thames  into  one  huge  dock.  To  effect  this  it  is  proposed 
to  incorporate  a  Board  of  Commissioners  with  power  to 
construct  across  the  River  Thames  between  Gravesend 
on  the  one  shore  and  Shadwell  on  the  other  a  dam,  with 
locks,  weirs,  and  sluices,  and  other  works,  and  thus  to 
form  what  is  described  as  the  harbour  of  the  Thames, 
comprising  the  entire  river  between  Gravesend  and 
Teddington  Weir.  Under  this  scheme  the  Commis- 
sioners seek  to  be  invested  with  powers,  privileges,  and 
control  now  exercised  by  the  Thames  Conservators,  the 
Watermen's  Company,  the  Corporation  of  London,  the 
London  County  Council,  and  Trinity  House,  to  re- 
adjust the  tolls  paid  on  vessels  and  goods  entering  or 
clearing  from  the  harbour  of  the  Thames,  and  generally 
to  control  "  the  harbour  of  the  Thames."  The  estimated 
of  the  work,  including  compensations  and  other 
contingencies,  is  estimated  at  £3.658,000.  The  saving 
claimed  to  be  effected  includes"  £200,000  now  spent  in 


dredging  the  river.  £225.000  in  time  of  vessels  ascending 
and  descending,  and  in  barging  of  £185,000. 

This  opens  up  a  very  large  question,  and  at  the  present 
time  we  must  be  content  to  give  the  facts  available  for 
what  they  are  worth.  Sanitary  and  other  considerations 
inimical  to  such  a  scheme  immediately  suggest  them- 
selves ;  but  it  is  impossible  to  formulate  opinions  on  the 
matter  in  the  absence  of  more  detailed  information. 

Water  for  the  Naval  Base  at  Bosyth. 

Among  the  schemes  which  Parliament  will  be  asked  to 
sanction  in  the  forthcoming  session  is  one  providing 
for  a  large  reservoir  which  is  to  be  constructed  by  the 
County  Council  of  Fife  chiefly  to  supply  the  new  naval 
base  on  the  Firth  of  Forth.  It  is  proposed  to  construct 
the  reservoir  on  a  stream  called  Glenquey  Burn,  the 
length  being  1,640  yards  up  the  valley.  The  dam  which 
will  retain  the  waters  will  be  266  yards  long,  and  in 
connection  with  the  works  there  will  be  road  diversion, 
etc.  The  County  Council  also  wish  to  absorb  some 
exi-ting  water  undertakings,  and  to  supply  other  areas  in 
addition  to  the  naval  base. 

Peterhead  Harbour  Works. 

Me-srs.  Coode.  Son  and  Matthews,  the  engineers-in- 
chief  of  the  Peterhead  Harbour  works,  report  that  during 
the  year  1902-3,  terminating  at  the  end  of  last  March, 
the  breakwater  was  extended  ninety  lineal  feet.  A  portion 
of  this  length,  or  30  ft.,  represents  the  part  of  the  structure 
which  has  received  an  additional  width  of  10  ft.  An 
extension  of  30  ft.  has  also  been  made  in  getting  in  the 
foundation  course,  and  the  rubble  mound  has  been  added 
to,  and  partly  levelled  up  over  a  length  of  650  ft.  in 
advance  of  the  superstructure.  During  the  year  the  daily- 
average  number  of  men  employed  on  the  works  was  340  : 
of  these  167  were  convicts.  It  is  considered  that,  taking 
into  consideration  the  widening  of  the  structure,  good 
and  substantial  progress  has  attended  the  execution  of 
the  works. 

Forthcoming  European  Canals. 

According  to  a  report  of  the  United  States  Consul  at 
Trieste,  canals  appear  to  be  regaining  the  importance  in 
Europe  which  they  have  lost  for  many  years.  In  the  last 
ten  years  Germany  has  expended  vast  sums  on  inland 
navigation  ;  in  the  course  of  the  next  decade  Austria  is  to 
devote  about  £13,000.000  to  the  same  object ;  and  Italy- 
has  just  begun  to  deal  with  large  schemes  of  a  like  nature. 
An  Italian  commission  has  recommended  the  establish- 
ment of  a 'network  of  navigable  watercourses,  2,112  miles 
in  length,  in  the  northern  part  of  the  kingdom,  the  region 
having  already  1.677  miles  of  navigable  rivers  and  canals, 
which  are  to  be  connected  by  a  system  of  auxiliary 
canals.  The  cost  is  estimated  at  about  £4,500.000,  but 
the  actual  cost  will  be  reduced  by  a  third,  by  the  sale  of 
water  power  and  of  water  for  agricultural  purposes.  The 
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main  line  of  the  proposed  system  would  be  a  canal  from 
Venice  by  Milan  to  Turin  ;  another  would  connect  Milan 
and  Bologna,  and  a  third  Bologna  and  Venice.  A 
navigable  waterway  would  also  be  made  from  Venice  to 
the  Austrian  frontier,  for  which  purpose  three  existing 
rivers  would  be  utilised. 

The  Albula  Engadin  Railway. 

In  a  previous  issue  of  Page's  Magazine  an  article  on 
the  Albula  Engadin  Railway  was  illustrated  with  some 
photographfc  reproductions  which  gave  an  excellent 
idea  of  the  difficulties  which  were  encountered  by  the 
engineers  responsible  lor  the  line.  A  paper  on  the  sub- 
ject contributed  by  Mr.  H.  Cox  to  one  of  the  German 
technical  socieiies  includes  plans  and  sections  which 
further  emphasise  the  difficult  nature  of  the  ground.  One 
of  these,  showing  the  section  from  Bergiin  to  Preda, 
with  its  characteristic  loops,  is  here  reproduced. 

The  most  serious  difficulties  of  the  whole  line  were 
encountered  on  the  Sils  to  Tiefenkasten  section,  which 
comprises  the  greatest  number  of  tunnels  and  the  largest 
viaducts.  This  section  is  12-5  kilometres  (7-8  miles)  in 
length,  of  which  4,106  metres  (2  miles  970  yards),  or 
33  per  cent,  are  in  tunnel,  and  it  includes  as  many  as 
twenty-seven  viaducts  having  a  total  length  of  1,300 
metres  (1,422  yards).  The  steepest  gradient  on  this 
section  is  25  millimetres  per  metre  (1  in  40).  The 
estimated  cost  was  275,000  francs  per  kilometre  (^17,700 
per  mile).  The  actual  cost  of  the  first  contract  of  5*5 
kilometres  (3*4  miles)  in  length  exceeded  the  estimated 
cost  by  200,000  francs  (^8,000)  in  round  numbers,  and 
there  was  a  similar  excess  in  the  case  of  the  fifth  con- 
tract, which  shows  that,  taken  altogether,  the  estimates 
were  comparatively  accurate.  ' 

Mr.  Cox  mentions  that  in  the  construction  of  the 
Albula  Tunnel  a  great  quantity  of  water  had  to  be 
dealt  with  at  both  ends.  At  the  north  end  the  water 
increased  in  the  first  kilometre  until  it  reached  a 
quantity  of  75  litres  (i6-5  gallons)  per  second.  At 
1,006  metres  (3,300  ft.),  in  April,  1900,  it  rose  to 
300  litres  (66  gallons)  per  second,  and  then  remained 
practically  constant  at  215  litres  (47"3  gallons)  per 
second  until  the  middle  of  the  tunnel  was  reached. 
The  temperature  of  the  water  was  only  6  deg.  C. 
(43  deg.  Fahr.).  Brandt  drills  were  used  at  both  ends. 
The  average  progress  at  the  north  end  with  two  drills 
was  90  metres  (98-4  yards)  per  month,  and  at  the  south 
end  with  three  drills  130  metres  (142  yards)  per  month. 
As  a  general  rule  ten  holes  were  drilled  in  any  area  of 
7  square  metres  (75'35  sq.  ft.),  that  is  to  say,  the  section 
of  the  heading,  fcach  of  these  holes  was  1*40  metre 
(4  ft.  7  in.)  long,  and  contained  a  charge  of  25  to  35 
kilograms  (55  to  77  lb.)  of  gelatine.  Each  drill  had  to  be 
renewed  after  boring  to  a  depth  of  16  centimetres 
(6,;- in.).  A  junction  was  effected  on  the  29th  May, 
1902. 

The  Irrigation  of  the  Nile  Valley. 

It  is  difficult  to  estimate  the  practical  benefits  that  must 
accrue  to  Egypt  from  the  great  dams  constructed  across 
the  Xile.  Sir  Benjamin  Baker,  speaking  at  York  on  a 
recent  occasion,  remarked  that  "  By  means  of  the 
Assouan  reservoir  the  flow  down  the  river  was  supple- 
mented'in  June  to  the  extent  of  20,000,000  tons  of  water 
per  day,  which  practically  doubled  the  available  supply 
at  the  most  critical  time  for  the  irrigation  of  summer  crops. 
Without  this  discharge  of  water  great  difficulty  would  have 
been  experienced  in  saving  the  cotton  crops.  Theirrigation 
of  rice,  which  had  been  prohibited  in  previous  years,  was 
again  allowed,  and  land  for  planting  the  durah  crop  was 
irrigated  a  month  earlier  than  had  ever  been  the  case 


before.  In  Middle  Egypt  170,000  acres  of  basin  land  had 
been  converted  for  crops,  and  each  year  more  would  be 
taken  in  hand,  up  to  a  final  total  of  about  350,000  acres  in 
two  years.  This  land  increased  in  rental  value  £3  per 
acre  and  in  actual  value  £30,  while  the  cost  of  all  drainage 
and  irrigation  works  was  only  £$  per  acre.  The  result 
was  an  annual  increased  rental  of  upwards  of  half  a 
million  sterling  on  these  converted  basin  lands  alone." 
There  can  be  little  doubt  but  that  there  are  openings  for 
further  engineering  enterprise  in  Egypt  of  a  most 
important  kind,  more  particularly  in  the  development  of 
the  Sudan.  Those  who  are  interested  in  the  subject 
cannot  do  better  than  peruse  the  article  on  the 
Irrigation  of  the  Nile  Valley  which  appears  in  another  part 
of  the  Magazine. 

Westing-house  Gas  Engines  and  Motors. 

The  Power  Gas  Corporation,  Ltd .,  has  recently  placed  an 
order  with  the  British  Westinghouse  Electric  and  Manu- 
facturing Company,  Ltd.,  for  the  supply  of  two  250-h.p. 
3-cylinder  single-acting  Producer  Gas  Engines,  solid 
coupled  to  direct  current  generators  of  equivalent  power. 
The  engines  will  be  installed  at  Dudley  Port.  The  same 
company  is  supplying  two  25-h.p.  direct-current  motors 
to  Messrs.  R.  Waygood  and  Co.,  the  well-known  lift 
manufacturers,  for  installation  at  one  of  the  stations  on 
the  Midland  Railway. 

Oporto  Drainage  System. 

Messrs.  Hughes  and  Lancaster,  of  47,  Victoria-street, 
have  been  successful  in  securing  in  open  competition  a 
contract  to  provide  the  City  of  Oporto  with  a  complete 
drainage  system.  The  firm  will  be  required  to  lay 
between  60  and  70  miles  of  drainage  under  Oporto,  and 
to  construct  numerous  large  ejector  stations,  the  separate 
system  being  adopted,  in  conjunction  with  Shone  ejectors. 
The  sewage  will  be  automatically  raised  by  compressed 
air,  rendering  the  aid  of  gravitation  unnecessary.  Our 
Houses  of  Parliament  are  drained  on  this  plan.  Oporto 
has  an  estimated  population  of  nearly  120,000. 

New  Destructor  Plants. 

The  Horsfall  Destructor  Company,  Ltd.,  of  Leeds, 
have  recently  shipped  two  important  Destructor  Plants 
to  South  Africa,  for  the  cities  of  Bloemfontein  and  Dur-' 
ban.  Among  the  new  Destructors  upon  which  the 
company  is  at  present  engaged  may  be  mentioned  plants 
for  Folkestone,  Bromley,  Chiswick,  Swansea,  Batley, 
Stourbridge  and  Gosport.  Several  of  these  destructors 
will  furnish  power  for  electric  lighting,  sewage  pumping, 
etc.,  in  addition  to  the  sanitary  disposal  of  refuse. 

Sewage  Disposal. 

An  instructive  paper  on  sewerage  and  sewage  disposal 
was  read  by  Mr.  C.  T.  Cuss  at  a  recent  meeting  of  the 
Junior  Engineering  Society.  He  concluded  with 
references  to  the  three  reports  of  the  last  Royal  Com- 
mission, an  important  point  in  which  is  the  Com- 
missioner's statement  as  to  the  inadequacy  of  existing 
laws.  The  protection  of  our  rivers  and  their  sources 
from  pollution  is  stated  to  be  a  matter  of  such  grave 
concern  as  to  demand  the  creation  of  a  Supreme  River 
Authority,  with  a  View  to  prevent  the  recurrence  of  such 
disasters  as  that  at  Maidstone.  The  paper  was  illustrated 
by  diagrams  and  apparatus.  Mr.  Hamp,  borough  sur- 
veyor, congratulated  Mr.  Cuss  on  his  very  able  paper, 
remarking  that  it  was  most  difficult  to  make  accurate 
allowances  for  the  outfall  of  a  sewer  owing  to  sudden 
heavy  rainfalls,  lie  paid  a  tribute  to  the  efficacy  of 
automatic  syphons,  having  found  their  use  very  satisfac- 
tory at  Swindon, 


LIQUID  FUEL  AND  ITS  POSSIBILITIES 


THE  important  experiments  made  by  Sir  Andrew 
Xoble  at  Elswick,  and  the  attention  which  is 
bieng  given  to  the  use  of  liquid  fuel  by  the  Naval 
Department  of  the  United  States,  are  bringing  this 
question  into  greater  prominence  than  ever,  and  Mr. 
William  H.  Booth's  careful  survey  of  the  theory  and 
practice  of  Liquid  Fuel  and  its  Combustion,*  there- 
fore makes  its  appearance   at   an  opportune  time. 

The  author  remarks  that  the  successful  combustion 
of  liquid  hydrocarbon  is  but  an  extension  of  the  prin- 
ciples necessary  for  bituminous  or  hydrocarbon  coal. 
The  difference  is  that  coal  is  burned  partly  upon  the 
grate,  and  air,  to  burn  the  hydrocarbon  distillates 
cannot  well  be  introduced  from  below,  as  it  can  with 
liquid  fuel  which  is  burned  in  a  floating  condition, 
and  can  be  fed  with  air  from  below  very  easily.  The 
difference  is  but  one  of  degree,  but  with  liquid  fuel  the 
fact  that  all  the  fuel  is  floating,  and  would  produce  a 
specially  foul  black  smoke  under  the  conditions  in 
which  coal  is  burned,  has  compelled  the  adoption  of 
means  that  ought  to  be  adopted  with  coal-fired 
furnaces.  An  effort  has  been  made  to  connect 
two  practices,  for  in  the  present  state  of  liquid  fuel 
supply  it  is  more  than  probable  that  its  use  will  be 
parallel  with  the  use  of  coal,  especially  in  dealing 
with  the  sudden  and  high  load  peaks  of  electric  stations. 
Liquid  fuel  cannot  be  universal  unless  the  supply 
increases  to  many  times  what  it  is  at  present,  and  this 
points  to  a  good  future  for  the  mixed  system  of  firing, 
oil  and  coal  being  burned  together  in  the  same  furnace. 

An  interesting  chapter  is  devoted  to  examples  of 
liquid  fuel  carriers  by  rail  and  sea.  The  tank 
wagon  by  Messrs.  W.  R.  Renshaw  and  Co.,  Ltd., 
shown  in  the  accompanying  illustration,  is  con- 
sidered by  the  author  to  be  the  best  for  the 
transport  of  liquid  fuel  by  rail.  It  has  a  capacity 
of  2,Soo  gallons  of  oil  at  a  specific  gravity 
of     Sj,    and    is    one    of    ninetv  built    for  the     Shell 


Transport  Company.  The  shell  plates  are  made  in 
one  length,  j*j  in.  thick,  and  the  dished  ends  are  f  in. 
thick.  The  manhole  is  provided  with  a  screwed 
cover,  thereby  forming  an  air-tight  joint.  The  outlet 
has  a  plug  valve  worked  by  a  handwheel  at  the  top 
of  the  tank  inside  the  manhole,  and  to  the  stool  in 
which  this  valve  rests  is  connected  a  wrought-iron 
branch  tee-piece  giving  two  outlets,  one  on  either 
side  of  the  wagon.  These  have  each  a  2\  in.  gun- 
metal  sluice  valve,  and  the  end  of  the  pipe  is  covered 
by  a  gun-metal  cap  to  protect  the  screw  to  which  hose 
coupling  may  be  attached  for  discharging  the  oil. 
The  whole  of  the  riveting,  is  done  by  hydraulic  and 
pneumatic  machinery,  and  the  tanks  must  be  tested 
to  20  lb.  per  square  inch  pressure,  and  must  be  abso- 
lutely watertight  before  being  passed.  The  steel 
underframe  should  be  of  exceptional  strength,  a  special 
feature  in  the  wagon  illustrated  being  the  method 
by  which  the  sole  bars  are  joined  to  the  headstocks, 
both  by  flanging  of  the  bars  and  by  cover  plates.  The 
oil  tank  is  attached  by  four  side  brackets  to  the  framing, 
and  is  also  supported  at  each  end  against  the  head- 
stock  by  blocks  of  timber.  There  is  a  longitudinal 
stay  plate  between  the  two  dished  ends  and  a  pair  of 
diaphragm  or  swash  plates  to  distribute  surging 
stresses  throughout  the  whole  tank  structure.  Made 
of  tough  steel  plate  of  boiler  quality,  such  a  tank 
should  bear  a  good  deal  of  rough  usage  or  collision 
without   failure. 

The  author  is  to  be  congratulated  on  producing  a 
work  of  such  completeness,  and  on  rendering  the  subject 
so  attractive.  In  Part  I.  will  be  found  a  careful 
exposition  of  theory  and  principles  ;  Part  II.  presents 
selected  practical  applications  of  the  use  of  oil  fuel, 
while  Part  III.  contains  many  valuable  appendices, 
and  there  are  about  1 20  excellent  illustrations. 

*  "  Liquid  Fuel  and  its  Combustion."  By  \V.  H.  Booth.  24s.  net 
Archibald  Constable. 


TANK  WAGOX,   BY  MESSRS.  \Y.  R.  REXSHAW  AXD  C< 

(33) 


GUNS    FOR    COAST    DEFENCE. 


A    KRUPP    I2-IN.    COAST   DEFENCE   GUN    IN    ROTATING   TURRET. 

The  projectiles  weigh  from  771  lb,  to  981  lb.,  and  their  initial  velocity  attains  3,038  foot  seconds.  The  maximum 

range  at  22  deg.  ol  elevation  is  21,872  yards,  and  at  45  deg.  of  elevation  27,340  yards.     The  turret  is  rotated 

and  the  gun  loaded  by  hand  power,  but  either  electric  or  hydraulic  power  can  be  applied,  if  desired. 


A  3-IW    I2-POUNDER   LANDING   EQUIPMENT    HY   MESSRS,    VICKERS,   BON    AND    MAXIM. 

Weight  of  (Jun,  4  cwt.  14  lb.  ;  ditto  of  Carriage,  7  cwl.  3  qr.  4  lb.  ;  ditto  of  Limber  complete  (with  36  rounds). 
13  cwt.  6lb. ;  Mu/zle  Velocity  (foot  seconds),  1,600  ;  Weight  of  Projectile,  12A  lb. 

The  Limber  consists  of  a  steel  frame,  supported  on  the  axle  by  brackets  and  springs.  At  the  rear  of  the  frame 
is  a  hook  for  attaching  the  gun  carriage  when  travelling,  and  the  front  is  fitted  to  receive  the  pole,  which  is  attached 
to  the  axle  by  means  of  a  bolt. 
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NOTES  ON  THE  WE5TPHALIAN  COAL  FIELD. 


DAVID   A.    LOUIS,  F.I.C.,  M.Inst.M.E.,  M.A.I. M.E.,  F.C.S. 

The  present  article  covers  the  various  systems  of   winding   in  vogue.     The  previous  article  described 
the  geology  of  the  district,  methods  of  working  the  coal,  and  means  of  transport. — Ed. 


II. 


TX    some    instances,  as    at    Rhein-Elbe    III.. 

-■■  one  of  the  most  magnificently  equipped  pits 
in  the  district,  special  forms  of  pit  frames  have 
been  introduced.  The  two  shafts  Rhein-Elbe 
I.  and  II.  have  been  working  the  upper  seams 
since  1861.  and  it  was  intended  to  use  them 
to  work  the  lower  seams,  but  since  improved 
methods  had  rendered  some  25.000,000  tons  of 
coal  in  the  thinner  and  neglected  upper,  seams 
available,  it  was  decided  to  utilise  the  old 
shafts  to  work  this  out.  and  to  sink  a  new  shaft, 
with  all  new  appliances,  to  work  the  lower  beds 
in  which  there  are  seventeen  workable  seams, 
varying  from  2jh  in.  to  over  5  ft.  in  thick; 
representing  some  45.000,000  tons  of  coal  on 
this  single  property.  The  new  shaft,  designed 
to  draw  3,000  tons  of  coal  a  dav  from  three 
levels,  is  2.625  ft.  deep,  and  about  18  ft.  in 
diameter,  is  arranged  for  double  winding,  a 
main  winding  on  the  Koepe  system  for  the 
deepest  level,  and  a  supplementary  winding, 
with  cylindrical  drum  to  serve  the  two 
other  levels  ;  the  supplemental  winding 
is  arranged  at  right  angles  to  the  main  winding. 
The  usual  German  design  of  frame  was  not  con- 
sidered equal  to  do  this  work,  so  the  four-legged 
form,  illustrated  in  fig.  5,  has  been  adopted,  which 
not  alone  suffices  to  carry  the  weight  and  resist 
the  strain  of  winding,  but  also  relieves  the  shaft 
walls  from  pressure.  The  frame  is  o,S-i  ft.  high 
to  the  hubs  of  the  pulley,  is  constructed  of 
plate  girders,  to  present  less  surface  to 
oxidization,  and  is  provided  with  a  travelling 
crane  above.  The  shaft  housing,  which  is  in 
two  stories,  is  constructed  within  the  main 
frame  on  an  independent  frame  work.  The 
total  weight  of  this  structure  is  well  over  390 
tons,  and  the  loads  it  will  have  to  bear  are  : 

In   the   Main    Winding. 
Cage  complete     .  .       4A  tons. 
s  tubs       ..  2i 

8  loads 
875  yards  of  rope       iof     „ 

///  the  Secondary  Winding.         ■ 

Cage  complete    . .  3  |  tons. 

4  tubs  . .  if    „ 

8  loads     ..  24.     .. 

8j$  yards  of  rope  44 


The  weights,  heights,  and  capacity  of  some  pit- 
head gears  at  other  collieries  are  given  below  : — 


Tahi.e  C. 


pol                    ...  87 

Ewald  ft  Minister  Steii;  105 

Preusscn            ...         ...  124:, 

Kaiser  Friedrich         ...  144 


93 

107 

153 


FIG   6.      TOMFSOX    BANKING    ARRANGEMENT— SIDE   VIEW. 
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FIG.    7.      TOMPSOX    BAXKIXG   ARRAXGEMENT — PLAX 


All  sorts  ol  cages  are  in  use,  a  great  many 
carrying  four  tubs  on  two  or  four  stages,  some 
six  tubs  on  three  stages,  others  eight  tubs  on 
four  stages,  and  a  few  even  eight  tubs  on  eight 
stages,  but  the  most  approved  present  practice 
is  eight  tubs,  in  couples, end  to  end  on  four  stages. 
In  some  pits,  Prosper  II.,  Shamrock  IV.,  for 
example,  double  winding  is  practised  in  a  single 
shaft,  which  has  the  effect  of  greatly  increasing 
the  output,  as  much  as  4,500  tons  have  been 
drawn  in  two  eight-hour  shifts,  the  best  single 
winding  has  not  given  half  that  quantity.  Some 
of  the  mines,  only  have  a  single  landing-floor, 
others  have  several,  but  to  avoid  the  incon- 
venience of  multiplying  landing-floors,  and  to 
save  time,  Tomson's  banking  arrangement  has 
been  introduced  in  some  of  the  mines,  and,  so 
far,  has  worked  well.  It  is  a  modification  of 
Fowler's  system,  and  an  illustration  of  it  was 
given  on  page  227  in  the  March  issue  of  this 
magazine,  but  a  word  or  two  may  now  be  said 
about  it  here.  It  consists  of  four  auxiliary 
cages  (figs.  6  and  7)  each  with  as  many  decks 
as  the  main  cage,  resting  on  plungers  in 
hydraulic  cylinders  two  side  by  side  on  each 
side  of  the  guide  frame  of  the  shaft,  and  in- 
stalled at  the  surface  and  at  the  pit  bottom. 
The  decks  are  inclined,  and  the  arrangement 
is  such  that  when  the  main  cage  is  in  position 
for  changing  tubs,  three  cages  are  in  line  (fig.  (>), 
one  empty    auxiliary  cage    in    front  ready  to 


receive    the    tubs,    which    run 
off   the  [main    cage  as  soon  as 
the  stops    are    released,  whilst 
a    full  auxiliary    cage    behind, 
by  the   movement  of    a  single 
lever,  discharges   its  load  into 
the     main    jcage.      Automatic 
stops  on   the  main  cage,  opera- 
ted   by    the    tubs    themselves, 
arrest    their  further     progress. 
During  the    wind  the  auxiliary 
cages    are     charged     and    dis- 
charged.     The    two    cages   on 
the  same  side  of  the  shaft  are 
connected    to  one  another    by 
a  chain  passing  over  a  pulley 
at    the  top,   whilst  the    corner 
cages   on   opposite  sides  of  the 
shaft  are  connected  diagonally 
through  the  hydraulic  cylinders. 
The   full    tubs    are    withdrawn 
from  the  lowest  deck  of  one  cage, 
while  empty  tubs  are  charged  on 
the  upper  deck  of  the  opposite 
corner      cage;      the    hydraulic 
valve     is      opened     and      the 
superior  weight  of  the  full  cage 
in  sinking,    forces   up  the  empty  tub  cage,    but 
as  soon  as  the  next  deck  is  at  the  level  of  the 
floor,    the   hydraulic   valve   is   closed,   the   full 
tubs  are  withdrawn  from  their  deck,  and  the 
empties  charged  on  to  the  vacant  deck  of  the 
other    cage ;     these    operations    are    repeated 
until  all  the  decks  are  discharged  or  charged, 
and  the  loaded  cage  is  in  position  behind  tin- 
shaft,  whilst  the  top  deck  of  the  cage  just  dis- 
charged is  on  a  level  with  the  floor  and  ready 
to  receive  its  charge  of  empties.     If  the  weight 
of  the  full  tubs  is  not  sufficient  to  raise  the 
empties,  an  auxiliary  hydraulic  power  is  avail- 
able.    In   the   meantime,    the   overhead   chain 
from  the  cage  with  the  full  cars  has,  during 
the  descent  of  that  cage,  drawn  up  the  empty 
cage  alongside,  so  that  there  is  a  cage  full  oi 
empties   at   the   back    and   an   empty  cage   in 
front  of  the  shaft,  both  in  position  for  imme- 
diate action  as  soon  as  the  main  cage  is  at  rest 
on  the  automatic  keps.     At  the  pit  bottom  the 
operations  are  similar,   but,   of  course,    follow 
in  the  reverse  order.     The  operations  connected 
with  the  manipulation  of  wagons  on  four  decks 
occupy  less  than  a  minute  with  three  men    at 
the    surface,    and   four   underground.     In    one 
pit,  1,720  ft.  deep,  the  wind  lasts  56  seconds 
the  changing  15  seconds,  together  71  seconds. 
which,  with  4I  tons  a  time,  represents  about 
220    tons   of   coal    an    hour.      Figs.   6    and  7 
show  clearly  this  ingenious  arrangement,   with 


FIG.    5.      RHEIX-ELBE   COLLIERY    FRAME. 
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the  hydraulic  connections  and  the  valve  gear. 
Fig.  '6  is  a  side  view,  and  shows  the  opposite 
auxiliary  cages  in  position.  Fig.  7  is  a  plan 
indicating  the  order  of  the  arrangement  about 
the  shaft  which  is  represented  by  the  large  circle. 
The  writer  was  much  struck  with  the  smooth 
and  regular  working  of  this  arrangement. 

The  shafts  in  Westphalia,  for  reasons  already 
stated,  are  very  expensive,  and  therefore  every 
effort  is  made  to  utilise  them  as  much  as  possible. 
Double  winding  and  the  Tomson  device  are 
two  modes  of  achieving  this  end.  Another 
instance  of  a  remarkable  effort  in  this  direc- 
tion is  that  presented  at  Neumuhl  Colliery, 
when,  in  order  to  render  the  whole  area  of 
the  upcast  shaft  available  for  ventilation  and 
at  the  same  time  useful  as  a  winding  shaft, 
the  entire  shaft  house  has  been  constructed 
air-tight,  presenting  a  total  surface  of  36,200 
square  feet  to  the  outer  atmosphere.  This 
structure,  illustrated  in  figs.  8,  9,  lo,  II,  and  12, 
encloses^the  whole  banking  floor  and  tipplers, 


as  well  as  the  guide  frame  and  winding  pulleys, 
the  only  direct  connections  with  the  external 
atmosphere  being  the  holes  in  the  pulley  casing 
through  which  the  winding  ropes  pass.  These 
holes  being  only  slightly  larger  than  the  ropes 
are  lined  with  wood,  and  occasion  only  an 
inconsiderable  leakage.  Admission  to  this  pit 
top  is  only  obtained  through  air-locks,  all 
the  ordinary  banking  operations  are  conducted 
within  the  area  of  reduced  atmosphere,  and 
no  inconvenience  is  experienced ;  certainly, 
none  was  felt  by  the  writer  when  inspecting 
the  arrangements  at  Neumuhl.  The  arrange- 
ments, too,  are  such  that  material  can  pass  out, 
but  no  air  can  pass  in.  Round  coal,  when 
required  dry,  is  tipped  into  a  shaking  screen 
(b2,  in  the  figs.)  ;  the  smaller  pieces  pass  into  an 
air-tight  hopper  (E,  in  the  figs.),  whilst  the 
round  coal  passes  into  a  drum  with  an  opening 
above  in  the  reduced  atmosphere,  and  an 
outlet  below  in  the  outer  atmosphere  ;  within 
the  drum,  8  sheet-iron  blades  are  arranged 
radially  on  a  central  shaft,  and  fit  air-tight  at 
the  casing  of  the  drum  (h,  fig.  11) ;  and  there 
are  always,  two  of  these  blades  at  least,  on  each 
side  of  the  openings,  in  contact  with  the 
casing.  These  blades  revolve  and  carry  with  them 
the  coal  which  has  been  tipped  in,  delivering  it 
below  on  to  the  picking  belt  in  the  outer  air. 
In  the  case  when  coal  may  be  delivered  wet, 
it  is  screened  in  the  usual  wa}^,  and  then  falls 
into  a  water  tank,  which  extends  both  sides  of, 
as  well  as  below  the  walls  of  the  building  forming 
a  water  seal,  as  seen  in  fig.  10,  c.  The  coal  is 
picked  out  by  a  conveyor  on  to  the  picking 
belt.  The  coal,  where  separation  is  not  desired, 
is  tipped  into  bunkers  closed  by  a  door  above 


FIG.  8.      PIT   HEAD  AT  NEUMUHL  COLLIERY. 


FIG.   c;.      FLAX    OF    PIT    HEAD   ARRANGEMENT   AT    XEL'MUHL   COLLIERY. 
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and  one  below,  which  are  never  open  at  the 
same  time  (R,  fig.  8),  that  is  while  the  upper 
door  is  open  no  discharging  takes  place 
below,  and  vice  versa.  Waste  is  treated  in  the 
same  way,  being  tipped  into  chambers  which 
are  really  air-locks.  There  is  a  sufficient 
number  of  these  chambers  to  obviate  the  neces- 
sity of  opening  the  upper  door  while  the  lower  or 
discharging  door  is  open.  The  small  coal  hopper 
is  also  closed  with  doors,  and.  as  indicated 
in  fig.  11,  there  are  arrangements  for  discharging 
the  contents,  and  elevating  them  to  the 
washery.  It  was  very  interesting  to  watch  this 
arrangement  working.  All  went  smoothly  and 
well,  just  as  if  the  ordinary  state  of  things 
obtained,  although  there  was  a  current  of 
210.000  cubic  feet  a  minute,  and  a  depression 
of  about  4^  in.  But.  in  spite  of  all,  the  leakage 
only  amounted  to  well  under  5.000  cubic  feet. 

Turning  now  to  the  actual  winding,  rail 
guides  and  round  ropes  are  most  in  favour, 
whilst  great  diversity  is  observable  in  the 
engines  and  drums  at  the  various  mines 
might  be  expected  in  a  field  that  has  been  in 
work  a  century.  Twin  engines,  with  narrow 
cylindrical  drums  of  large  diameter  (5  it.  by 
20  ft.)  being  the  most  common  ;  compound 
engines  are  also  in  vogue,  although  it  is  not  con- 
sidered good  practice  in  shallow 
shafts.  Expansion  is  only  slightly 
adopted  in  winding,  and  condensation 
not  at  all.  except  with  central  con- 
densers, which  are  very  much  in 
demand  just  now  in  Westphalia. 
There  are  a  few  spiral  drums  to  be 
seen,  and  Tomson's  divided  spiral 
drum  is  in  use  at  the  Preussen 
Collieries :  this  was  illustrated  in  our 
issue  of  December.  1902.  but  fig.  13 
is  another  view  of  this  interesting 
winding  engine,  which,  it  will  be 
remembered,  will  wind  from  three 
depths.  2.625  ft.,  3-^i  ft.,  and 
3,937  ft.,  respectively,  and  that  the 
useful  load  to  be  drawn  from  each 
depth  will  be  8  tubs,  or  88  cwt.  of 
coal,  from  the  smallest  depth :  6 
tubs,  or  66  cwt.  of  coal,  from  the 
intermediate  stage  ;  and  4  tubs,  or 
44  cwt.  of  coal,  from  the  greatest 
depth :  the  maximum  speed  will 
be  72  ft.  a  second,  and  the  mean 
speed  33  ft.  to  40  ft.  a  second.  The 
cylinders  of  the  engine  are  32-^  in. 
and  45  |  in.  in  diameter,  and  the 
stroke  is  102 {;,  in.  The  drums  are 
each  18  ft.  diameter  at  the  smaller 
end,  33  ft.  at  the  larger,  and  n±  ft. 
in  width. 


But  the  style  of  winding  engine  most  in 
favour  is  the  twin-compound  horizontal  engine, 
with  cylindrical  drum,  or  sometimes,  as  at 
Scharnhorst,  with  spiral  drum.  The  engines 
in  this  case  are  twin  and  tandem  compound 
made  by  Friedrich  Wilhelm.  A.G..  zu  Miilheim 
a.d.  Ruhr,  with  cvlinders  zyh  in.  and  37J  in. 
respectively,  and  63-in.  stroke.  The  drum  is 
19  ft.  in  diameter  at  the  smaller  end,  26^  ft. 
at  the  larger,  and  5  ft.  11  in.,  with  150  lb. 
boiler  pressure.  These  engines  can  wind  a 
total  load  of  16J  tons,  including  rope,  etc.,  and 
a  useful  load  of  4;  tons  from  a  depth  of  1.988  ft., 
at  an  average  speed  of  32^  ft.  a  second.  The 
following  numbers  refer  to  a  type  of  engine 
which  is  used  and  made  by  the  Gutehoffnungs- 
hiitte.  A. Y..  of  Oberhausen.  It  is  also  twin- 
tandem,  and  for  a  total  load  of  19  tons,  in- 
cluding 7 J  useful  to  be  wound  at  1,800  ft. 
at  a  mean  speed  of  39  ft.  per  second,  with  a 
ij'-tt.  cylinder  drum,  lift.  10  in.  wide,  has 
the  following  chief  dimensions  :  cvlinders. 
2  ft.  3$  in.  and  3  ft.  5§  in. :  stroke.  5  ft.  7  in. ;  and 
would  work  at  a  boiler  pressure  of  about  160  lb. 
The  Koepe  system  of  winding  is  in  good  favour, 
and  wherever  introduced  has  given  good  results. 
The  installations  are  mostly  steam  driven, 
but    electricity    has    also    been    applied    with 


FIG    13.      TOMPSOX   WIXDIXG    ENGINE   AT   THE    PREUSSEX    COLLIERIES. 
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success.  Rhein-Elbe  has  a  recent  steam  winding 
plant  on  Koepe  S}Tstem,  made  by  Friedrich 
Wilhelms  Hiitte.  Mulheim  A.R.,  to  wind  a  total 
load  of  23  iVtons  inclusive  ;  5!  tons  of  coal  from 
a  depth  of  2,625  ft«»  a*  a  mean  speed  of  32^  ft. 
per  second.  The  engines  are  twin  horizontal 
engines,  with  25i-in.  cylinders  and  5-ft.  11-in. 
stroke,  and  work  with  120  lb.  steam.  The 
winding  engine  at  No.  1  shaft,  Preussen  II. 
Colliery  of  the  Harpener  Mining  Company,  of 
Dortmund,  may  be  taken  as  an  example  of  an 
electrically  driven  Koepe  plant.  The  Koepe 
bobbin  is  20^  ft.  in  diameter,  and  the  armature 
of  the  motor  is  keyed  on  to  the  same  shaft. 
This  was  installed  by  the  Allgemeine  Electricitats 
A.G.  It  is  a  three-phase  engine  ;  the  current 
is  supplied  to  the  fixed  portion  of  the  dynamo 
at  a  voltage  of  2,000,  and  is  obtained  from  a 
central  station,  in  which  there  are  three  three- 
phase  generators,  each  of  a  capacity  of  550  kilo- 
watts when  running  94  revolutions  a  minute. 
They  are  driven  by  an  800-h.p.  twin-coupled 
horizontal  engine. 

There  are  also  drum  engines  driven  electri- 
cally, and  there  are,  of  course,  other  makers 
besides  the  Allgemeine  Electricitats  A.G., 
and  other  types  of  electrically  driven  winding 
engines,  but  the  one  example  must  suffice  here. 


tons  useful  load  at  a  speed  of  from  40  ft.  to  60  ft. 
a  second  from  a  depth  of  2,460  ft.  Each  valve 
box  contains  an  admission,  an  exhaust  and  a 
relief  valve,  the  latter  intended  to  come  into 
play  when  the  pressure  in  the  box  gets  too  high 
and  to  return  the  steam  to  the  supply  system. 
There  are  also  external  safety  valves,  and  they, 
as  well  as  the  spindles  of  the  geared  valves, 
which  project  through  the  covers  of  the  valve 
boxes,  are  in  the  view  of  the  engineman.  These 
valve  spindles  connect  with  the  gearing,  which 
is  operated  by  a  special  engine  readily  worked 
by  the  man  with  one  hand.  If  required  high- 
pressure  steam  can  be  admitted  to  the  low- 
pressure  cylinder  ;  moreover,  there  is  a  control 
valve  between  the  low-pressure  cylinder  and  the 
receiver,  and  this  and  the  throttle  valve  being 
connected  can  be  worked  by  the  same  lever. 
The  engineman  hence  has  to  watch  and  control 
the  steam.  There  is  an  indicator  to  show  the 
position  of  the  cage  in  the  shaft,  which  rings 
a  bell  when  the  cage  is  nearing  the  top,  and 
puts  on  the  steam  brake  in  case  of  an  overwind  ; 
there  is  a  speed  indicator  connected  with  a  clock- 
work tell-tale,  which  graphically  records  the 
speeds  of  each  wind  ;  this  indicator,  moreover, 
if  the  engineman  neglects  to  slacken  at  the 
proper  moment,  applies  the  brake.     Both  indi- 
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Depth  in 
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Speed.                Cylinders, 
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Gutehoffnung — Horizontal  twin-tandem... 
Preussen  II. — Vertical  compound 
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Tamarach — Four-cylinder  diagonal 
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|  18  and  33  by  1  r '  ; 
^        TomsoiVs 

idH ;  Koepe 
25  ;  spiral 

In  Table  D  some  data  in  connection  with  the 
Westphalian  winding  engines  are  given,  and 
that  of  the  Tamarach,  in  America,  is  cited  for 
comparison. 

GUTEHOFFNUNGSHUTTE     WINDING     ENGINE. 

The  engine  of  this  tj/pe,  illustrated  in  the 
December  number  of  Pack's  Magazine,  is  a 
horizontal  twin  -  tandem  engine.  The  high- 
pressure  cylinders  have  a  diameter  of  nearly 
33^  in.,  the  low-pressure  cylinders  of  47  £  in., 
the  stroke  is  78^  in.  ;  the  working  steam  pressure 
8  atmospheres,  and  the  duty  to  raise  4*  metric 


cators  and  their  safety  appliances  are  worked 
from  the  drums,  and  are  independent  of  the 
steam  supply  gearing.  The  drums  are  cylin- 
drical, with  a  diameter  of  about  28  ft.,  a  width 
of  above  6i  ft.,  capable  of  accommodating 
2,790  ft.  of  rope.  They  are  provided  with  four 
brake  blocks,  which  can  be  applied  by  hand  or 
by  steam,  or  as  already  noted  automatically. 

The  cylinders,  valve,  boxes,  etc.,  are  lagged 
with    non-conducting    material    and    covered 
with  burnished  sheet  metal.     Most  of  the  points 
noted  can  be  seen  in  the  illustration. 
[To   be  continued. 
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SPECIALLY  CONSTRUCTED   HIGH-SPEED   EXPERIMENTAL  CAR. 

A  BRIEF  ACCOUNT  OF  THE  HIGH  SPEED  TRIALS  ON  THE  BARMEN  ELBERFELD 

ELECTRIC    SUSPENDED    RAILWAY. 


IN  Page's  Magazine  some  account  was  recently 
given  of  the  Barmen- Elberf eld  Electric  Sus- 
pended Railway.  At  this  time  the  whole  of  the  line 
had  not  been  opened,  a  certain  portion  being  reserved 
for  some  high-speed  trials.  These  have  just  been 
brought  to  a  successful  conclusion. 

It  is  not  intended  to  run  the  trains  at  speeds  ex- 
ceeding forty  miles  an  hour,  as  the  stations  are  too 
frequent.  It  may  be  noted,  however,  that  Drs.  C. 
Koepcke.  A.  Goering,  and  V.  Borries,  in  a  recent 
report  on  the  Langen  system,  state  that,  if  suspended 
railways  were  constructed  above  the  existing  ground 
railways  for  express  passenger  service,  speeds  of  up  to 
200  kilometres  on  curves  of  500  metres,  and  of  1 35 
kilometres  on  curves  of  300  metres,  could  be  attained. 
During  the  past  few  weeks  some  very  interesting  high- 
speed trials  have  been  carried  out  on  the  Barmen 
end  of  the  line. 

The  trial  car  differs  from  those  in  ordinary  service 
on  this  railway,  the  motor  being  placed  above  the 
roof,  below  the  rail  and  supporting  girders,  both 
wheels  of  each  bogie  being  drivers,  for  which  bevel 
gearing  is  employed.  This  design  permits  oi  an 
arrangement  of  the  car  body  and  bogie  trucks,  so 
that  their  centres  of  gravity  lie  in  a  vertical  plane 
passing  through  the  rail,  thus  avoiding  even  the  small 
oscillations  which  occur  with  the  older  tvpe  of  car, 
due  to  the  eccentric  arrangement  of  the  loads  ne 
tated  by  the  position  of  the  motors.     The  wheels  of 


the  new  car  are  2  ft.  6  in.  in  diameter,  and  each  is 
driven  by  a  continuous  current  series-wound  motor 
of  50  amperes  normal  capacity  at  600  volts.  The 
bevel-gearing  reduces  the  speed  in  the  proportion  of 
1  J.  and  the  motors  are  regulated  by  series  parallel 
controllers.  Two  motors  are  sufficient  to  give  the 
car  a  speed  on  the  level  of  thirty-seven  miles  per 
hour,  with  a  total  current  of  100  amperes  at  480  volts 
at  their  terminals. 

The  speeds  attained  were  calculated  from  the  time 
taken  to  traverse  a  length  of  200  metres,  which  was 
checked  by  a  stop  watch.  In  the  presence  of  repre- 
sentatives of  the  German  Government  a  mean  speed 
of  forty  miles  per  hour  was  reached,  and  at  a  subsequent 
trial  forty-four  miles. 

The  above  figures  are  those  of  the  mean  speeds,  the 
maximum  being  greater  owing  to  the  length  of  line 
available  for  the  trials  being  so  short  that  the  motors 
were  still  accelerating  on  the  measured  distance. 

The  maximum  speed  was  attained  with  a  total 
current  of  170-580  volts  at  the  motor  terminals  ; 
according  to  the  motor  diagram,  the  speed  was  about 
forty-se\  en  miles  per  hour. 

The  engineers  reported  that,  with  more  powerful 
motors,  and  with  a  fine  designed  for  high  speeds, 
there  would  be  no  difficulty  in  working  at  more  than 
double  the  speed  attained  at  these  trials.  The  cars 
ran  quietly  and  smoothly,  and  the  passengers  experi- 
enced no  inconvenience. 


SONE  MODERN   FIRE   APPLIANCES. 

ILLUSTRATIVE  OF  THE  INTERNATIONAL  HRE  EXHIBITION  AT  EARL'S  COURT 
AND  A  PROPOS  OP  THE   HRE   PREVENTION   CONGRESS   REPORT. 

'      BV 

GEORGE    ARMISTEAD. 

The  previous  article  dealt  with  the  work  of  the  Fire  Prevention  Committee,  and  described 
some  of  the  principal  English-made  Fire  Appliances  exhibited  at  the  Earl's  Court  Exhibition.  In 
the  present  article  some  of  the  principal  foreign  fire-engines  and  escapes  are  considered.  Other 
English  exhibits,  electric  fire-alarms,  etc.,  will  be  dealt  with  in  a  subsequent  article. — Ed. 


II. 


A  good  deal  of  enterprise  was  shown  by  the  foreign 
makers  of  fire-extinguishing  appliances,  whose  exhibits 
greatly  added  to  the  interest  of  the  Earl's  Court  Exhibi- 
tion, and  were,  in  not  a  few  cases,  found  to  merit  the 
Exhibition  Gold  Medal. 

The  gas  fire-engine  of  the  Kuhlstein  Wagenbau, 
shown  in  the  accompanying  illustrations,  is  fitted 
with  everything  necessary  for  extinguishing  small 
outbreaks  of  fire.  In  the  case  of  more  serious  out- 
breaks, it  can  be  used  pending  the  arrival  of  the  steam 
fire-engine,  the  water-tank  being  ready  for  instant  use, 
with  a  water  store  of  900  litres.  The  two  steel  cylinders 
under  the  water-tank,  each  with  a  capacity  of  37,.-,  (37  j) 
litres,rare  filled  with  compressed  air,  by  means  of  which 
a  pressure  of  eight  atmospheres  is  brought  to  bear  on 
the  water-tank.     In    this  way  water  can   be   thrown 


to  a  height  of  30  metres.  In  the  immediate  front  part 
of  the  vehicle  there  is  a  seat  for  the  driver,  and  behind 
it  a  dos-a-dos  seat  for  the  use  of  six  firemen.  Directly 
in  front  of  the  water-tank  there  is  an  iron-covered 
space  with  waterproof  sailcloth  at  the  sides.  This 
contains  four  rolls  of  hose,  and  on  each  side  one  hose- 
reel  with  hose.  On  the  top  of  this  space  is  kept  a 
"  jumping-sheet,"  and  on  the  left  side  a  reel  with  hose 
for  the  life-saving  apparatus.  A  box  attached  to 
the  front  part  of  the  engine  contains  lists  of  the  street 
hydrants.  At  the  back  lie  the  two  large  pressure 
leather  pipes  for  the  steam  fire-engine,  one  on  each  side 
of  the  vehicle  parallel  to  the  water-tank.  Under  the 
water-tank  an  arrangement  has  been  made  for  the 
storage  of  two  hooks,  three  telescopic  ladders,  and  two 
iron   boxes.     In  one  of  the  latter  the  smoke   helmet 
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A   FRON1    VIEW"   OK   THE    ENGINE. 

and  the  life-saving  apparatus  are  stored.  On  the 
platform  behind  the  water-tank  are  two  seats  for 
riremen.  In  the  centre,  under  the  vehicle  there  are 
two  iron  boxes  which  are  filled  with  coal  for  the  steam 
(ire  engine.  There  is  also  an  iron  box  on  the  front 
carriage  between  the  two  springs,  which  contains 
medicated  bandages.  The  vehicle  is  almost  entirely 
constructed  of  iron,  steel  and  brass,  and  is  fitted  with 
patent  mail  axles. 

The  frame  of  the  automobile  fire-engine  shown  by  the 
Waggon-  und  Maschinenfabrik  A.  G.  of  Baut/en,  and  here 
llustrated,  consists  of  two  lateral  U-irons,  which  rest 
on  long  roller-springs,  and  are  thus  connected  with  the 
axles.  The  U-irons,  which  are  braced  up  by  cross- 
bands,  carry  as  fixtures  the  tank,  the  motor,  the  pumping- 
plant,  and  the  water  and  coal-tanks.  The  front  water- 
tank  is  adapted  as  a  seat  for  the  fireman.  The  front  axle 
consists  of  a  quadrangular  frame,  which  carries  the  com- 
ponents of  the  steering  apparatus  and  which,  in  order  to 
be  able  to  steer  the  vehicle,  can  be  moved  horizontally 
round  its  centre  of  rotation.  The  four  wheels  of  the 
vehicle  have  steel  gun-carriage  limbs  and  are  fitted  with 
india-rubber  tyres.  Steam  is  used  as  motive  power  for 
the  propulsion  of  the  vehicle  and  for  the  working  of  the 
pump.  Provision  is  made  for  a  boiler  pressure  of 
3-4  atmospheres  which  can  be  kept  up  permanently 
at  the  station  by  a   gas-heating   apparatus,  and   within 


a  few  minutes  from  the  start 
the  pressure  rises  to  the  maxi- 
mum of  10  atmospheres.  The 
motor  for  the  propulsion  of  the 
vehicle  is  a  double  cyclinder 
engine  with  Stephensons  regu- 
lation. The  transmission  is 
effected  by  means  of  chains  from 
the    flywheel   of    the    engine   to 

J  the   split   pulleys   over   the   hind 

axle.      These  pulleys  carry  cog- 
wheels  on  their  outside,   which 
gg^  grip  the  inside  teeth  of  the  hind 

wheels.     The  chains  of  the  motor 
run  outside  the  engine  and  inside 
the  frame,  so  that  a  bearing  could 
be  fixed  outside  on  the  frame  of 
the  vehicle   for  the   shaft  of   the 
flvwheel.      The    chain-wheel  on 
the  left-hand  side  of  the  vehicle 
is  fixed  to  the  shafting  by  means 
of  a  wedge  ;  the  one  on  the  right- 
hand    side  is   connected  with    it 
through  a  peculiarly  constructed 
sliding  catch,   so  as  to  allow  a 
different  speed  of  the  hind  wheels 
in  negotiating  curves.     The  regu- 
lation of  the  engine,  as  well  as 
the   steering  of  the  vehicle  with 
the  hand-wheel  is  carried  out  by 
one   man.   who  acts  as  engineer 
as   soon   as  the   pump  is  set   in 
motion.      Apart   from  the  brake 
power  inherent  to  the  engine,  a 
double    hand-brake      for      hand 
power  is  used,  which  makes  an 
almost   instantaneous  stoppage  of    the  vehicle  possible 
by  the  friction  effected  on  the  outside  of  the  hind-wheel 
cog-wheels.     The  motor  admits  of  a  speed  of  about  38 
kilometres   on  level  ground  :    and  at  the  various  trial-. 
inclines  of  from  12-14  deS-  were  taken.     Six  firemen  can 
be  carried  together  with  engineer  and  stoker. 

The  engine  can  be  fitted  with  a  spirit-heating  appliance, 
by  which  the  spirit  is  conducted  through  spray  no//lcs 
from  below,  to  the  glowing  material  on  the  grate,  and 
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AUTOMOBILE    FIRE-ENGINE,    SHOWN    BY   THE   WAGGON-    UND   MASCHINENFABRIK   A.G.   OF   BAUTZEN. 


which,  when  the  fire-engine  has  arrived  at  the  place 
of  the  outbreak,  ignites  at  once  the  fuel  used — i.e., 
coal  or  coke.  Moreover,  there  are  fixed  two  carbonic 
acid  cylinders  on  the  left  of  the  fire-engine  outside, 
which  are  connected  with  the  boiler  in  such  a  way  that 
safe  and  reliable  action  is  ensured.  The  fire-engine  can 
t:ius  be  started  immediately  upon  the  sounding  of  the 
alarm  signal  ;  while,  in  the  meantime,  the  pressure  neces- 
sary for  the  continuation  of  the  journey  is  generated  in 
the  boiler. 

The  gas  fire-engine  of  the  Waggon-  und  Maschinen- 
fabrik  A.G.  of  Bautzen  is  designed  for  first  aid  in 
fire-extinction,  and  is  also  used  for  the  transport  of 
firemen      and     appliances.      The      water-tank    has     a 


capacity  of  about  400  litres,  and  is  tested  to  stand 
a  pressure  of  eight  atmospheres.  The  tank  is  fitted 
on  the  hind  part  of  the  vehicle  between  the  two  longi- 
tudinal beams.  The  battery  of  accumulators  is  to  be 
found  under  the  front  and  side  seats.  The  space 
between  the  battery  and  water-tank  is  utilised  for  the 
storage  of  appliances  ;  over  this  there  is  a  hose-reel 
fixed  for  pressure-hose,  and  above  it  a  ladder  board  Cor 
hook-ladders.  The  engine  can  be  manned  with  eight  men 
— three  on  the  front  seat,  two  on  each  of  the  two  lateral 
seats,  and  one  on  the  tailboard.  The  driver,  who  has  to  steer 
the  vehicle  and  to  regulate  the  speed,  sits  on  the  left-hand 
side  of  the  front  seat,  whilst  the  warning  bell  is  sounded 
by  the  man  who  occupies  the  middle  seat,  the  officer  in 
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MAGIRUS    PATENT    TURN-TABLE     FIRE   ESCAPE,    83 
EXTENDED   AND  'TURNED    SIDEWAYS. 


charge  being  stationed  on  the  right.  The  vehicle  is  fitted 
with  two  motors,  each  of  which  drives  separately  a  hind- 
wheel  by  means  of  simple  cog-wheel  transmission.  The 
motors  are  constructed  in  such  a  way  that,  should  one  of 
them  fail  from  any  cause,  the  other  one  is  capable  of  pro- 
pelling the  vehicle  by  it-elf.  The  lever  to  start  the  motors 
is  fixed  round  the  steering-shaft,  and  four  different  posi- 
tions are  provided  for  the  forward  motion,  three  electric 
brake-positions,  and  two  positions  for  the  reversed 
(backward)  motion.  The  battery  consists  of  42  cells, 
which  are  contained  in  three  wooden  boxes.  The  highest 
speed  of  the  vehicle  is  18  kins,  per  hour.  The  consumption 
of  current  per  km.  covered  by  the  vehicle  including  all 
-.  amounts  to  08  kilowatt  hours  equal  to  7 '2  ampere 
hours  with  no  volts.  The  time  required  for  charging  is 
therefore  about  6\  minutes  per  km.  The  charging  current 
has  a  strength  of  50  amperes.  A  charging  tension  of  no 
volts  is  required.  The  wheels  are  fitted  with  india-rubber 
tyre-. 

The  need  for  long  ladders  in  fire-brigade  work  is  self- 
evident.  People  living  on  the  upper  floors  of  large 
buildings  are  relatively  more  exposed  to  danger  in  ca-c 
of  an  outbreak  of  fire  than  those  living  on  lower  floors  ; 
they  have  a  much  longer  way  to  reach  the  bottom  of 
the  staircase,  and  are  exposed  to  the  smoke  rising  from 
below. 

In  order  to  interest  the  different  manufacturers  in  the 
construction  of  high  escapes,  the  Society  of  Arts  offered 
a  gold  medal  for  the  best  long  ladder  of  a  height  not  le-- 
than  80  feet,  exhibited  at  the  International  Fire  Exhibi- 
tion. Only  four  makers — all  Germans — competed  for 
this  medal,  and  all  exhibited  turn-table  escapes. 

Thorough  tests  of  the  escapes  were  made  on  July  10th. 
the  jury  consisting  of  eleven  professional  men  and 
engineers,  with  the  result  that  the  medal  was  awarded 
to  Mr.  C.  D.  Magirus,  Ulm-on-Danube.  These  escape-, 
which  are  largely  used  on  the  Continent,  have  a  four- 
wheeled  carriage  bearing  a  turn-table,  upon  which  the 
ladder  is  so  fixed  that  it  can  be  turned  horizontally,  and 
inclined  at  any  degree. 

There  is  no  doubt  but  that  the  turn-table  escape  system 
is  a  very  convenient  one  where  long  ladders  are  wanted, 
but  these  high  es  apes  are  naturally  rather  heavy.  A 
ladder  of  this  description  can  only  be  carried  on  a  four- 
wheeled  carriage  drawn  by  horses,  and  ottering  a  good 
foundation  for  the  escape  when  extended.  It  could  not 
be  carried  on  two  wheels,  nor  could  it  be  balanced  by 
firemen.  The  escape  is  moved,  turned,  and  inclined 
quite  automatically  by  means  of  self-controlling 
mechanisms  carried  on  the  carriage. 

The  latter,  when  in  use,  remains  always  in  a  position 
parallel  with  the  road,  and  thus  causes  a  minimum  of 
interference  with  the  ordinary  traffic.  The  extended 
Magirus  Escape  can  be  inclined  to  a  projection  of  about 
40  feet.  Different  windows  can  be  reached  by  merely 
turning  the  appliance  in  the  required  direction.  The 
escape  can  be  carried  for  short  distances  with  the  ladder 
extended,  and  not  more  than  four  men  are  ne  essary  to 
work  it  at  any  time. 

Of  the  ladders  tested  one  was  made  of  steel-tubes, 
another  wholly  of  wood,  and  two  others — one  of  which 
was  the  Magirus  Escape — were  made  of  wood  with  steel 
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railings.  These  ladders  are  so  rigid  and  substantial  that 
they  can  be  mounted  freestanding,  without  the  top  touch- 
ing the  house,  a  feature  which  greatly  increases  their 
effectiveness.  The  escape,  placed  at  a  good  position  in 
the  road,  can  be  used  as  a  water  tower,  and,  in  this  case, 
of  course,  a  man  standing  on  the  top  of  the  escape  carry- 
ing the  hose  is  not  so  much  exposed  to  the  smoke  and  the 
dangers  spreading  from  a  house  on  fire.  Besides  this  he 
is  in  many  cases  better  able  to  direct  the  jet  into  the 
centre  of  the  conflagration.  The  damage  generally  done 
by  water — which  is  such  a  serious  feature  in  outbreaks  of 
fire— can  also  be  materially  reduced. 

The  escape  can  be  raised  and  extended  in  a  very  short 
time  ;  on  the  day  of  the  trials,  for  instance,  it  took  one 
man  only  35  seconds  to  raise  the  escape  and  extend  it 
82  feet  high,  whilst  two  men  raised  the  appliance,  extended 
it  82  feet  high,  within  24  seconds.  This  rapid  work  is 
effected  with  the  aid  of  a  small  double-cylinder  engine, 
driven  by  carbonic  acid,  which  is  carried  in  large  tubes 
on  the  escape.  There  is  a  patented  arrangement  which 
prevents  the  carbonic  acid  from  becoming  frozen.  The 
same  engine  is  used  as  a  kind  of  brake  in  lowering 
the  escape.  The  Magirus  Escape  can  also  be  extended 
by  hand. 

An  ingenious  gas  fire-engine,  with  revolving  fire- 
escape,  was  shown  by  the  Nuremberg  Fire-Extinguishing 
Appliances  and  Engine  Manufacturing  Company,  Limited- 

This  has  been  designed  more  especially  to  meet  the 
needs  of  permanent  or  volunteer  fire  brigades  in  small 
or  middle-sized  towns,  though  it  is,  of  course,  equally 
suitable  for  general  use.     In  this  case  the  ladder  attains  a 


maximum  of  60  feet,  and  is  easily  attended  by  two  men. 
The  hose-reel  carried  on  the  engine  is  equipped  with 
650  feet  of  delivery  hose,  the  tank  holding  about  120 
gallons  of  water  for  immediate  use  ;  while,  to  afford  the 
necessary  pressure,  carbonic  acid  is  stored  in  four  small 
steel  cylinders.  The  engine,  in  addition  to  the  firemen, 
carries  a  canvas  jumping  sheet,  surgical  box,  smoke- 
helmet  and  apparatus,  firemen's  axes,  torches,  lamps, 
and  lanterns.  Above  the  tank  is  fixed  the  slide  escape, 
which  has  a  revolving  movement,  and  is  made  up  of 
three  parts.  It  is  claimed  that  this  apparatus  can  be 
erected  by  two  men  in  a  minute,  extended  completely, 
pivotted  360  degrees,  and  inclined  to  the  horizontal — the 
revolving  is  accomplished  by  hand. 


MAGIRUS   PATENT  TURN-TABLE   FIRE   ESCAPE, 
TRAVELLING    POSITION. 


PROFESSOR    HELE-SHAW    ON    THE    PEDRAIL. 


PROFESSOR  HELE-SHAW,  at  a  recent  meeting 
of  the  Liverpool  Self-Propelled  Traffic  Associa- 
tion, gave  an  interesting  lecture,  entitled  "  The 
Pedrail — a  Revolution  in  Mechanical  Locomotion." 
Mr.  B.  J.  Diplock,  the  inventor  of  the  Pedrail,  was 
present. 

In  a  previous  issue  of  the  Magazine  we  were  able 
to  illustrate  this  invention,  and  a  further  account 
of  Professor  Helc-Shaw's  lecture  may  therefore  be 
of  interest. 

Professor  Hele-Shaw  said  a  close  study  of  road 
locomotion  and  the  properties  of  the  wheel  for  many 
years  had  convinced  him  that  the  wheel  itself  had 
reached  its  utmost  limits  of  carrying  power,  both  in 
regard  to  weight  and  speed  upon  the  ordinary  roads. 
however  well  constructed  the  roads  or  perfect  the 
wheel.  While  the  wheel  would  always  play  a  most 
important  part  in  road  and  railway  locomotion — 
and  he  could  not  picture  the  possibility  of  any  con- 
trivance taking  the  place  of  the  wheel  and  the  pneu- 
matic tire  under  suitable  conditions  he  was  non< 
the    less    compelled    to    believe    that    the    mechanical 


possibilities  of  engines  and  motive  power,  and  the 
construction  of  the  vehicles  themselves,  had  com- 
pletely outstripped  that  portion  of  the  moving  vehicle 
which  was  represented  by  the  wheels.  In  great 
inventions  the  successful  solution  of  a  problem  had 
often  been  found  in  imitation  of  the  working  of  nature 
itself,  as  in  the  case  of  the  screw  propeller  for  ocean 
navigation.  Could  they  say  that  there  was  in  general 
use  at  the  beginning  of  the  twentieth  century  anything 
that  could  fairly  be  considered  a  means  of  locomotion 
on  land  imitating  successfully  the  marvellous  natural 
process  of  animal  locomotion,  but  modified  to  suit 
the  mechanical  requirements  of  the  case  ?  He  believed 
the  pedrail  to  be  the  solution  of  that  great  problem. 
The  pedrail  was  simply  this:  Instead  of  having  a 
permanent  rail  carried  for  the  whole  of  its  length 
on  sleepers,  and  wheels  running  upon  this  rail,  the 
process  was  inverted.  The  feet,  or  sleepers,  were 
placed  upon  the  ground,  but  instead  of  the  rails  being 
carried  upon  the  feet,  the  latter  supported  wheels 
which  acted  as  bearers  lor  a  short  length  of  rail  attached 
to  the  moving  carriage.     The  pedrail  consisted  of  two 
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THE   PEDRAIL   MOUNTING  AN   OBSTACLE. 

main  parts.     One  was  a  railway  fastened  to  the  axie- 
box  without  revolution,  and  the  other  a  kind  of  circular 
box  carrying  sliding  spokes,  rollers,  and  feet  in  such 
a    manner   that    the   rollers   and    feet    were    placed    in 
succession  on  the  ground  and  the  rail  ran  over  them. 
The  Professor  described  the  mechanism  of  the  pedrail 
in    detail,     illustrating     his     remarks     by     exhibiting 
a  small  working  model,  and  by  cinematograph  vi> 
trials  conducted  by  himself  at  Stoke.   The  views  aptly  hit 
off  the  Professor's  description  of 
the   machine  as    "  half    traction 
engine,      half      elephant."      the 
massive  revolving  feet  in  shape 
and    action    instantly    recalling 
the  movement  of  a  large  elephant. 
He    proceeded     to     express   the 
belief    that    the   pedrail    vehicle 
hid    passed    from    the    stage   of 
mere  theory  and  initial    experi- 
ment    into     the     realisation    of 
practice,  and  that  the  invention 
constituted  a  veritable    revolu- 
tion   in    road  locomotion.     Ihe 
pedrail  would  climb  the  steepest 
hill,   walk  over  large  stones  and 
such  obstacles   as   nine   balks  of 
timber  without  damage,  or  pass 
over  ruts  and  soft  ground  with 
the  greatest  ease.     It  could  not 
sink  into   any  hole    that   would 
stop      the       ordinary      traction 
engine.     After  dilating  upon  the 
immense  commercial  and  indus- 
trial   possibilities   opened  up  by 
what    was    the    first    successful 


driver  on  four  wheels  yet  made, 
and  after  commenting  upon  its 
economy  of  construction  and 
the  adaptability  of  the  pedrail  to 
ordinary  traction  engines,  the 
Professor  concluded  by  declaring 
that,  in  the  interests  of  the 
progress  of  road  locomotion  the 
world  over,  they  must  wish 
the  inventor  that  success  of 
which  there  was  every  indica- 
tion. 

The    action   of  the   pedrail  on 
the   road   was   very   remarkable. 
Whereas    the    ordinary    traction 
engines  destroyed  roads  to  such 
an    extent    that    they    had    been 
forbidden   in   many  parts  of  this 
country  and  also  in  various  parts 
of  the  world,   and   heavy   motor 
wagons     and     traction     engines 
had  been  severely  taxed  by  local 
authorities    and     made    to    con- 
tribute to  the  repair  of  the  roads, 
the   pedrail    positively   improved 
the  road  over  which  it    walked. 
This    had    been     proved    by     actual     experiment,    and 
it   was    more    than    probable,  from    the   remarks    of    an 
eminent     municipal     engineer,    that    the     pedrail    was 
destined     to     entirely    replace     the     road    roller     for 
repairing  roads,  as  the  action  of  stamping  or  ramming 
was  much  better  than  rolling  tor  this  purpose. 

The  lecture  has  been  published  by  Messrs.  William 
Clowes  and  Sons,  Ltd.,  to  whom  we  are  indebted  for  the 
accompanying  blocks. 
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ENGINEERING    BUILDINGS  A  AND    B  AND    PIKRCE    BUILDING — MASSACHUSETTS    INSTITUTE 

OF    TFXHXOLOGY. 


FAMOUS  TECHNICAL  INSTITUTIONS. 

The  first  of  a  series  of  illustrated  articles,  which  will  give  brief  descriptions  of 
the  most  important  technical  institutions  at  home  and  abroad.— Ed. 


I. — Massachusetts  Institute  of  Technology. 


rpHE  first  technical  institution  dealt  with 
*  by  Professor  W.  E.  Dalby,  M.I.Mech.E., 
in  his  paper  on  the  education  of  engineers  in 
America,  Germany  and  Switzerland,  was  the 
Massachusetts  Institute  of  Technology  of  Boston, 
and  in  briefly  reviewing  the  work  of  some  of 
the  most  famous  technical  institutions  of  the 
world,  we  cannot  do  better  than  follow  his 
example  and  start  with  the  mechanical  engi- 
neering department  of  this  institution. 

The  course  in  mechanical  engineering  at  the 
Massachusetts  Institute  is  designed,  according 
to  its  sponsors,  to  give  to  the  student  a  thorough 
training  in  scientific  principles  in  such  a  manner 
that  he  may  be  able,  instead  of  relying  upon 
rule-of-thumb  methods,  to  apply  these  prin- 
ciples to  the  solution  of  practical  problems. 
It  aims  not  only  to  acquaint  him  with  current 
engineering  practice,  but  also  so  to  develop 
the  powers  of  his  mind  that  he  may  be  able,  as 
occasions  arise,  to  make  improvements,  and 
thus  keep  abreast  with  the  progress  of  the  times. 
As  large  a  practical  element  as  time  will  allow 


is  introduced  into  the  recitation  room,  the 
drawing  room,  and  the  laboratory,  the  practical 
work  being  arranged  to  follow,  and  not  to 
precede,  the  theoretical  instruction  bearing 
upon  it. 

The  students  are  required  to  perform  tests 
in  the  engineering  laboratories  under  the 
conditions  of  practice  ;  and  the  apparatus  and 
machinery  employed  are  of  practical  proportions. 
They  are  not  only  drilled  in  accurate  experi- 
mentation, but  also  carry  on  a  considerable 
amount  of  valuable  investigation. 

A  word  of  advice  is  offered  to  mechanical 
engineering  students  at  the  outset  as  to  the 
vital  necessity  of  a  thorough  grounding  in 
mathematics,  physics,  and  drawing  (including 
descriptive  geometry). 

OUTLINE     OF     THE     COURSE. 

The  course  in  mechanical  engineering  nay 
be  classified  as  follows  : — 

(a)  Mathematics,  physics  (including  technical  electricity), 
and  applied  mechanics,  given  outside  the  department,  the 
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MACHINE   IS  OP   300,000  LB.   CAPACITY. 
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last  including  the  study  of  and  practice   in   testing   the 
strength  of  materials. 

(b)  Class-room  work  of  the  department  proper. 

(c)  Drawing. 

(d)  Engineering  laboratory  work. 

(e)  Mechanic  arts. 

(/)  Visits  to  engineering  works  and  manufacturing 
establishments. 

The  most  fundamental  subjects  given  outside  the 
department  are  mathematics,  physics,  and  applied 
mechanics. 

As  Professor  Dalby  pointed  out,  the  course 
of  instruction  in  America  is  very  exactly  laid 
down,  the  students  being  compelled  to  follow 
it  step  by  step.  "  Slight  variations  are  per- 
mitted in  the  form  of  options,  to  use  their 
term,  in  the  later  periods  of  the  course.  But 
whatever  option  is  taken,  the  student  must  go 
through  with  it.  He  gets  his  degree  from  the 
gradually  accumulating  results  of  terminal  and 
sessional  examinations,  ending  finally  witli  a 
thesis.  He  is,  in  fact,  put  through  a  thoroughly 
well-organised  species  of  educational  drill,  and 
must  work  or  fall  out." 


SUMMARY     OF    THE     COURSE. 

The  work  of  the  first  year  is.  of  course,  mainly 
introductory.  The  Second  year's  course  com- 
prises : — 

(a)  Mechanism. — The  course  includes  a  systematic  study 
not  only  of  the  motions  and  forms  of  the  various  mechan- 
isms occurring  in  machines,  and  the  manner  of  supporting 
and  guiding  the  parts,  independently  of  their  strength 
but  also  of  the  design  of  gear-teeth,  and  the  study  of  the 
mechanisms  found  in  modern  American  machine-tools, 
and  in  cotton  machinery. 

(b)  Drawing. — The  students  make  working  drawings  of 
parts  of  machinery  from  measurements,  and  the  drawings 
illustrating  the  class-room  work  in  connection  with  the 
course  in  mechanism. 

(c)  Mechanic  Arts. — Includes  carpentry,  pattern-making, 
and  foundry  work. 

Third  year  : — 

{a)  Applied  Mechanics. — This  course  extends  through 
the  third  and  fourth  years.  In  the  third  year  the  subjects 
taught  are  statics,  dynamics,  strength  of  materials  and 
graphic  statics,  in  ihe  order  named.  The  calculus  is 
freely  employed  throughout. 

(b)  Valve-gears. — This  course  includes  the  study  of  the 
different  types  of  valve-gears,  the  design  of  simple  ami 

double  valves  by  the  use  of  the  Zeuner  diagram,  the  study 
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of  the  Stephenson  link,  and  the  working  out  of  the  same  by 
the  use  of  the  skeleton  lr.odel  in  the  drawing  room. 

(c)  Steam  Engineering— -The  course  includes  a  thorough 
mathematical  treatment  of  thermodynamics  ;  a  discussion 
•  >f  the  properties  of  gases  and  vapours,  especially  steam  : 
of  the  flow  of  gases  and  vapours  ;  of  the  injector  ;  of  hot- 
air  engines  and  ga-engines  ;  of  steam-engines  ;  of  air- 
compressors  and  compressed  air  machinery  :  and  of 
refrigerating  machines  :  besides  which  about  one-half  term 
is  devoted  to  the  study  of  steam-boilers,  their  details  and 
accessories. 

(//)  Drawing. — The  course  in  drawing  aims  to  teach  the 
proper  way  of  making  the  necessary  dimensioned 
drawings,  tracings,  and  blue-prints  for  use  in  practice, 
good  shop  systems  being  adopted. 

[e)  Dynamo-electric  Machinery. — This  coarse  includes  a 
discussion  in  the  lecture-room  of  the  principal  applications 
of  electricity  to  the  industrial  arts,  and  in  the  laboratory 
of  the  most  important  general  methods  of  commercial 
electrical  testing  of  dynamo  machinery,  and  the  i. 
the  instruments  ordinarily  employed  in  such  testing. 

(_/)  Engineering  Laboratory  Work. — This  work  is  given 
during  the  second  term,  and  is  devoted  to  drill  in  steam- 
engine  tests,  for  which  the  9-in.,  lb-in.,  and  24-in  by 
30-in.  triple-expansion  engine,  and  also  the  1 1 -hi.  and 
19-in.  by  15-in.  tandem  compound  engine,  are  u.-ed. 
In  these  engine-tests  the  water  consumption  is  determined 
by  condensing  and  weighing  the  steam  after  it  ha<  passed 
through  the  engine. 


(.g)  Mechanic  Arts.—  The  instruction  in  mechanic  arts  of 
the  third  year  includes  forging  and  a  portion  of  the 
chipping  and  filing. 

Fourth  year  :  — 

In  the  fourth  year  the  following  studies  are 
pursued  by  all  students  :  Applied  mechanics, 
machine  design,  steam  engineering,  engineering 
laboratory  work,  hydraulics  and  hydraulic 
motors,  industrial  management,  dynamics  of 
machines,  and  mechanic  arts.  The  industrial 
management  course  involves  a  study  of  the 
organisation  and  relations  of  the  various  depart- 
ments of  an  industrial  establishment,  both  in 
the  office  and  in  the  workshop,  the  conduct 
of  accounts,  the  methods  of  compensating 
labour  and  of  superintendence,  and  a  careful 
study  of  the  effect  on  cost  of  production  of 
different  systems  of  distributing  indirect 
expenses. 

Fourth  year  students  are  offered  four  options, 
of  which  one  is  required,  i.e..  marine  engineering, 
locomotive  construction,  mill  engineering,  and 
heating  and  ventilating. 
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THE     ENGINEERING     LABORATORIES. 

The  engineering  laboratories  fro  testing, 
hydraulics,  and  steam  at  Trinity  Place,  are  very 
completely  equipped,  and  occupy  a  floor  space 
of  about  21,000  square  feet.  The  mechanical 
laboratories  at  Garrison  Street  afford  the 
means  of  practical  instruction  in  the  nature  of 
materials  of  construction,  and  in  the  typical 
operations  involved  in  the  arts.  It  may  be 
mentioned  that  the  carpentry,  wood  turning, 
and  pattern-making  laboratories  employ  some 
forty  carpenters'  benches,  two  circular-saw 
benches,  a  swing-saw,  two  jig-saws,  a  buzz- 
planer,  thirty-six  wood-lathes,  a  large  pattern- 
makers' lathe,  and  thirty-six  pattern-makers' 
benches.  The  founding  laboratory  has  a  cupola 
furnace  for  melting  iron,  two  brass  furnaces,  a 
core  oven,  and  thirty-two  moulder's  benches. 
In  the  forging  laboratory  are  a  power  hammer, 
thirty-two  forges,  seven  blacksmith's  vices,  a 
blacksmith's  hand-drill,  and  power-shear.     The 


ARCH-TESTING   MACHINE    IN   THE    MECHANICAL 
ENGINEERING   DEPARTMENT. 


machine-tool  laboratory  contains  twenty-three 
engine-lathes  and  seventeen  hand-lathes,  a 
twenty-four-inch  turret  lathe,  two  machine 
drills,  three  planers,  a  shaping  machine,  two 
universal  milling  machines  furnished  with  spiral 
and  gear-cutting  attachments,  a  universal 
grinding  machine,  a  cutter  and  reamer  grinder, 
thirty-two  vice  benches  arranged  for  instruction 
in  vice  work,  a  twenty-four-inch  standard 
measuring  machine,  special  apparatus  for 
hardening  and  tempering,  and  a  fully  equipped 
tool  room. 

The  accompanying  illustrations,  for  which 
we  are  indebted  to  Mr.  Harry  W.  Tyler,  the 
secretary  of  the  college,  afford  an  excellent 
idea  of  the  extent  and  completeness  of  these 
famous  laboratories. 

NAVAL     ARCHITECTURE. 

The  course  in  naval  architecture  provided  by 
the  Institute,  though  relatively  new,  is  already 
well  grounded  and  established.  Like 
all  the  courses  at  the  Institute  it  gives  in 
addition  to  a  professional  and  technical 
training,  a  good  scientific  and  liberal 
education. 

The  advantageous  location  of  the 
Institute  at  an  important  sea- port,  and 
near  a  navy  yard,  enables  students  to  see 
ship  and  engine  construction,  and  to 
visit  ships  of  all  types.  This  fact  has 
made  it  possible  to  arrange  for  pro- 
gressive speed-trials,  tests  of  engine  and 
boilers,  and  tests  for  locating  the  centre 
of  gravity  of  a  ship. 

The  department  has  a  collection  of 
complete  sets  of  drawings  of  ships  and 
their  machinery,  both  merchant  ships 
and  warships,  systematically  arranged 
and  catalogued,  which,  together  with 
the  proper  data  concerning  construction, 
power  and  speed,  makes  it  possible  to 
proceed  with  the  design  and  arrange- 
ments of  ships  as  in  actual  practice. 

There  is  a  supply  of  planimeters  and 
integrators  which  the  students  use  freely, 
and  a  calculating  machine  with  which 
they  may  become  familiar.  An  optional 
course  of  lectures  gives  instruction 
in  the  use  of  slide-rules,  calculating 
machines,  etc. 


HANDLING  HEAVY  FREIGHT  IN  RAILWAY  YARDS. 


OUR  illustration  shows  the  latest  type  of  an 
economical  apparatus  for  handling  heavy 
and  bulky  freight  in  railway  yards.  It 
includes  a  40-ton  Niles  Overhead  Electric 
Travelling  Crane.  48  ft.  span,  and  a  substantial 
structural  steel  runway  40  ft.  long.  The  crane 
spans  three  tracks,  and  leaves  a  wide  passage 
way.  which  gives  ample  approach  for  teams 
and  trucks  on  one  side  of  the  cars  covered 
by  this  apparatus. 

In  addition  to  the  main  hook,  a  quick-running 
auxiliary  hook  of  5  tons  capacity  is  provided 
for  the  rapid  and  efficient  handling  of  light 
loads,  which  performs  by  far  the  greater  part 
of  the  service  of  the  crane. 

The  bridge  consists  of  two  heavy  curved 
girders,  of  box  section.  It  is  driven  longitudi- 
nally on  the  runway  by  motor  located  on  the 
front  girder,  which  is  geared  to  the  truck 
wheels^  on  either  side,  the  motion  being  con- 
trolled by  a  foot  brake  in  the  operator's  cage, 
which  acts  directly  upon  the  armature  shaft 
of  the  motor. 

A  foot  bridge  is  provided  the  entire  length 
of  the  span,  with  customary  guard  rail.  The 
bridge  trucks  are  of  built-up  type,  securely 
fastened  with  the  utmost  rigidity  to  the  girders, 
provided  with  heavy  cast  steel,  double  flanged 


truck  wheels  with  treads  accurately  finished  to 
uniform  diameter. 

The  trolley  is  the  standard  type  used  on  over- 
head cranes,  consisting  of  heavy  side  frames 
securely  bolted  together,  and  kept  in  perfect 
alignment  by  a  separator.  All  the  gearing  is 
cut  from  the  solid,  and  runs  encased  in  oil, 
which  gives  the  entire  mechanism  an  unusually 
high  mechanical  efficiency. 

Both  hoists  are  provided  with  mechanical 
and  electric  brakes,  also  circuit  breakers  and 
limit  switches  to  prevent  overwinding  and 
consequent  damage  to  the  crane  or  its  load.  The 
trolley,  operator's  cage,  and  bridge  drive  motoi 
are  of  the  inclosed  type,  affording  suitable 
protection  from  the  weather. 

This  crane  is  notable  because  of  the  extra 
height  of  lift,  which  enables  the  loaded  hook 
to  clear  the  top  of  box  cars  or  other  obstructions 
while  performing  the  functions  of  its  regular 
service  of  loading  and  unloading. 

The  complete  apparatus  was  manufactured, 
installed,  and  erected  by  the  Crane  department 
of  the  Xiles-Bement-Pond  Company.  Meadow 
and  Mifflin  Streets.  Philadelphia.  Pennsylvania. 
It  is  installed  in  the  yard  of  the  Buffalo  and 
Alleghany  Vallev  Division  of  the  Pennsylvania 
Railroad  Company. 


4D-TOX     NILES     OVERHEAD     ELECTRIC     TRAVELLING     CRAXE. 
Used  lor  handling  heavy  railway  ireisjht. 


NEW     GATE     SAWING     MACHINE. 

Messrs.  Edward  G.  Herbert,  Ltd.,  have  recently 
added  to  their  line  of  metal  sawing  machines  a  new 
machine  for  sawing  the  "  gits "  off  brass  and  other 
castings.  The  general  idea  of  the  machine  is  suffi- 
ciently explained  by  the  illustration.  The  "  git " 
to  be  cut  is  rested  in  the  angle  of  the  bar  support, 
and  the  operator,  who  has  both  hands  free  to  hold  the 
castings,  presses  the  foot  lever  by  means  of  which  the 
machine  is  started  and  the  saw  is  fed  through  the 
"  git."  The  feed  of  the  saw  is  a  gravity  feed,  which 
can  be  checked  but  not  accelerated  by  the  operator, 
who  cannot  jam  the  saw  in  the  work.  The  saws  are 
hard,  of  special  make,  and  will  cut  the  harder  alloys 
of  copper  and  also  Delta  metal  and  aluminium.  With 
this    machine    "  gits  "    can    be    rapidly    cut    off    flush 


GATE   SAWING   MACHINE   BY    MEssks.    EDWARD 

G.    HERIJKRT,    LTD. 


with  the  casting  without  fear  of  damaging  the  latter. 
"  Gits  "  up  to  i  A  in.  diameter  can  be  dealt  with  at  one 
cut,  and  larger  sizes  can  be  severed  by  two  or  more 
cuts.  An  important  feature  is  that  the  saw  stops 
running  as  soon  as  the  treadle  is  released. 

A     DOUBLE     HORIZONTAL      PIPE     FLANGE     DRILLING 
MACHINE. 

The  wonderful  economy  of  modern  machine  tools^is 
well  illustrated  by  Mr.  George  Addy's  large  double 
horizontal  pipe  flange  drilling  machine.  This  tool 
will  take  pipes  up  to  12  ft.  in  length,  and  48  in.  in 
diameter.  Instead  of  each  hole  being  dealt  with  singly, 
the  pipe  is  simply  dropped  into  the  two  cradles  shown, 
fastened  down,  and  kept  in  the  one  position  until  all 
the  holes  have  been  drilled.  As  both  flanges  are  dealt 
with  simultaneously,  much  time  is  saved,  the  economy 
resulting  from  the  use  of  this  tool,  when  compared  with 
the  old  system,  being  estimated  at  75  per  cent.  The 
bed,  which  is  of  box  section,  and  of  large  dimensions, 
carries  two  uprights,  each  having  a  drill  head  provided 
with  a  forged  steel  spindle  and  self-acting  variable  feed 
motion.  The  drill  heads  can  be  moved  into  any  posit i  >n 
necessary  for  boring  the  bolt  holes  in  the  rlanj; 
long  or  short  pipes.  The  motions  of  the  drill  heads  are 
entirely  independent  of  each  other,  and  can  be  run 
separately  or  together.  Two  large  adjustable  V 
blocks  with  portable  top  cramps  are  provided  for 
holding  the  largest  pipes,  and  loose  V  pieces  are  fitted 
therein  to  accommodate  smaller  pipes. 

If  desired,  one  or  two  loose  adjustable  tables  can 
be  supplied  for  holding  bends  and  elbows,  each  having 
V  blocks.  These  tables  are  bolted  to  the  side  of 
the  bed  in  suitable  T  slots,  ami  are  pinched  along  the 
bed  by  means  of  a  rack  am!  pinch  bar.  The  bevel 
gearing  is  amply  protected  by  loose  covers,  and  it  will 
be  noted  that  all  movements  are  within  easy  ao 
of   the  operator. 

The  machine  is  also  useful  for  drilling  the  ordinary 
work   in   an   engineer's   workshop, 

THE     LIGHTING     OF     WORKSHOPS. 

The   accompanying    illustration,    showing    the    I 

room  at  the  works  oi  the  James  K'ith  and  Hiackman 
Company,  Ltd.,  is  presented  as  B  good  example  oi  B 
WCll-lighted  shop.  There  are  no  windows,  but  the 
row!  is  of  the  saw-tooth  pattern,  with  IO-ft  spans, 
having  a  steep  Mope  of  ,'^lass  in  the  north  side  ol 
ridge,  and  a  longer  slope  oi  Slate  on  the  south  side  o| 
each.      The  view  is,  oi  course,  taken  looking  BOUth. 
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TOOLROOM  AT    THE    AYORKS    OK    THE    JAMES     KEITH    AND    BLACKMAN    COMPANY,     LTD. 

(57) 


AUTOMOBILE     DEVELOPMENTS. 


THE  Automobile  Club  announces  trials  for  electri- 
cal vehicles  to  be  held  in  May,  1904,  but  in  the 
event  of  less  than  ten  entries  being  received  from  this 
country,  the  trials  will  not  be  held. 

Next  year's  Gordon-Bennett  race  will  be  held  in  the 
neighbourhood  of  Homburg,  the  German  Automobile 
Club  having  decided  upon  a  circular  route,  which  will 
include,  among  others,  the  towns  of  Oberursel,  Konig- 
stein,  Limburg,  Veilburg  and  Wehrheim. 

The  National  and  Stanley  Shows  were  not  remarkable 
for  important  new  departures,  though  considerable 
progress  was  shown  in  the  cheap  motor  vehicles  for  two 
passengers.  At  the  Crystal  Palace,  probably  the  greatest 
novelty  was  the  Kyma  car,  a  two-seated  three-wheeler 
of  ingenious  design.  The  Quadrant  tri-car  and  the 
Kaleighette  were  also  noteworthy  features.  The  principal 
novelties  were  in  the  direction  of  variable  speed  gears, 
and  numerous  devices  for  carrying  a  passenger  as  com- 
panion to  the  driver  on  motor  cycles.  There  was  a 
striking  increase  in  the  number  of  motor  cycles  shown. 
Machine  tools  were  no  longer  an  important  feature  at  the 
Agricultural  Hall. 

In  the  course  of  an  excellent  address  on  Modern 
Automobile    Construction     recentlv     delivered     to     the 


Junior  Engineering  Society,  Mr.  P.  Warren  Noble  said 
that  the  Stanley  Show  this  year  had  conclusively  proved 
that  English  manufacturers  were  now  capable  of  turning 
out  cars  equal  to  anything  in  the  world. 

Type  Testing1. 

Our  illustration  shows  the  apparatus  which  is  employed 
for  tyre  testing  in  the  Experimental  Department  of  the 
Palmer  Tyre,  Ltd.  In  order  that  the  fabric  of  the  tyre 
may  be  merely  flattened  at  the  tread  where  it  is 
distorted  under  load,  two  pneumatic-tyred  wheels  are 
run  together,  both  inflated  to  the  same  pressure.  By 
this  means  each  tyre  forms  the  equivalent  to  a  flat  road 
for  the  other. 

The  wheel  shown  on  the  left-hand  side  of  illustration 
(which  may  be  termed  wheel  No.  1)  is  pressed  against  the 
wheel  shown  on  the  right-hand  side  by  a  lever  carrying 
heavy  weights  which  are  in  the  pit  below  the  apparatus. 
This  represents  the  "load."  The  wheel  shown  on  the 
right-hand  side  (which  may  be  called  No.  2)  is  arranged 
so  that  it  may  be  turned  upon  a  horizontal  line  at  right 
angles  to  its  axle  in  such  a  manner  that  when  so  turned 
it  revolves  in  a  different  plane  from  wheel  No.  1.  In 
order  to  keep  No.  2  wheel  steady,  its  support  is  attached 
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to  a  heavy  pendulum  weighing  upwards  of  2  tons,  which 
may  be  >een  in  the  pit  below  the  apparatus. 

If  this  pendulum  is  caused  to  rock  to  and  fro  while  the 
wheels  are  revolving,  the  strains  which  are  set  up  in  the 
fabric  of  the  tyres  are  similar  in  character  to  those  which 
take  place  in  the  fabric  of  motor-car  tyres  when  driven 
rapidly  round  curves  varying  in  direction. 

Two  50  h.p.  electric  motors  are  employed,  both  of 
which  may  be  used  either  as  a  motor  or  as  a  dynamo. 
Assuming  that  No.  I  wheel  is  driven  by  Xo.  1  motor,  and 
that  Xo.  2  motor  is  disconnected,  the  apparatus  is  then 
'running  light,"  and  if  the  pendulum  is  stationary  in  a 
vertical  position,  the  conditions  are  then  similar  to  those 
of  tyres  on  a  loaded  car  running  on  a  level  road,  Xo.  1 
being  the  driving  and  Xo.  2  the  front  wheel. 

If  No.  2  motor  is  connected  as  a  dynamo,  then  the 
conditions  at  Xo.  1  wheel  are  similar  to  a  loaded  car 
going  up  a  very  steep  hill,  and  the  conditions  at  X  2 
wheel  are  like  tho-e  of  a  loaded  car  going  down  a  very 
steep  hill  with  the  brakes  fully  on. 

Bvmcaib  of  special  apparatus  on  the  electrical  switch- 
board, it  can  be  seen  at  a  glance  how  much  electrical 
horse-power  is  supplied  to  motor  Xo.  1,  and  also  how 
much  i>  given  out  by  motor  Xo.  2  being  run  as  a 
dvnamo  :  and  by  making  allowance  for  friction  of  the 
apparatus,  an  approximate  estimate  may  be  obtained  of 
the  power  absorbtd  by  the  tyres,  which  is  very  useful  in 
comparing  different  makes.  A  series  of  jets  of  air 
directed  on  the  surface  of  the  tyres  makes  the  condition 
similar  to  those  of  a  motor  car  travelling  in  the  open  air. 

An  Automobile  Machine  Shop. 

A  battery  wagon  just  completed  by  the  U.S.  Long 
Distance  Automobile  Company,  ot  Jersey  City,  X  J.,  and 
delivered  to  the  War  Department  at  Washington,  is  to 
all  intents  and  purposes  a  travelling  machine  shop  of 
automobile  type.  The  machine  as  illustrated  by  The 
Trade  Review,  weighs  about  five  tons  and  is 
propelled  by  a  4-cyIinder  24-h.p.  gasolene  engine. 
The  front  wheels  are  48  in.  in  diameter  and  the  rear 
wheels  56  in.  in  diameter,  fitted  with  Firestone  solid 
rubber  tyres.  The  vehicle  has  four  speed  changes  in 
the  forward  direction  and  there  is  a  reversing  gear. 
There  is  ample  supply  of  shelves,  drawers  and  compart- 
ments for  the  storage  of  tools  and  general  appliances, 
and  on  top  of  the  machine  are  placed  the  extra 
artillerv  wheels  and  poles  for  the  hoist,  etc.  The  machine 
shop  ha>  a  lathe,  grindstone,  emery  wheel,  forge,  anvil, 
and  a  dynamo  for  lighting  purposes.  The  wagon  is 
capable  of  travelling  at  a  maximum  speed  of  about  10 
miles  per  hour  with  full  equipment  ot  tools,  etc.,  and  the 
quota  of  men. 

The  Motor  Reliability  Trials. 

The  1,000  miles  Trials  of  1903  were  carried  out  under 
the  guidance  of  the  experience  gained  from  the  500  miles 
Trials  held  in  Glasgow  in  1901,  and  the  650  miles  Trials 
in  1902  :  but  owing  to  the  greatly  increased  trustworthi- 
ness of  cars,  it  was  decided,  moreover,  to  make  the 
conditions  so  stringent  that  only  those  cars  of  superlative 
merit  would  get  through  with  maximum  marks. 

Full  details  of  the  marks  gained  will  be  found  in  the 
'Automobile  Club  Journal,"  in  which  it  is  remarked  that 
a  vast  amount   of   very   valuable   knowledge   has  been 


gained  during  the  Trials  :  for  instance,  marks  were 
allotted  in  proportion  to  freedom  from  dust  raising  in 
order  to  encourage  the  manufacturers  to  pay  attention  to 
this  point,  and  to  afford  an  opportunity  to  the  Judges  for 
obtaining  some  accurate  data  as  to  the  conditions  govern- 
ing the  raising  of  dust. 

A  novel  feature  was  the  taking  of  the  fuel  consumption 
throughout  ihe  whole  of  the  trials.  In  view  of  the  certain 
early  adoption  of  motor  vehicles  for  the  carriage  of  goods, 
in  which  cost  of  fuel  will  be  an  important  feature,  there  is 
no  doubt  that  it  is  of  extreme  value  to  encourage  makers 
to  pay  much  more  attention  than  they  have  hitherto  done 
in  the  past  to  this  point.  The  marks  were  allotted  on  a 
basis  of  actual  pence  per  ton  mile. 
Association  for  Motor  Van  and  Wagon  Users. 

It  has  been  decided  to  form  an  association  for  motor 
van  and  wagon  users,  as  a  section  of  the  Motor  Union. 
Its  objects  are  as  follows  : — 

(I)  To  represent  the  views  of  motor  van  and  wagon 
users  before  the  Local  Government  Boards  :  (2)  To  resist 
undue  restrictions  being  placed  upon  the  use  of  motor 
vans  and  wagons  by  local  authorities  ;  (3)  to  consider 
any  claim  for  financial  and  legal  assistance  in  respect  of 
actions  at  law.  either  civil  or  criminal,  in  connection  with 
the  use  of  motor  vans  and  wagons  :  (41  to  inquire  into  the 
question  of  tare  weight  of  motor  vehicles  and  other 
questions  connected  with  the  users  of  mechanically- 
propelled  vehicles  for  the  carriage  of  goods,  and  to 
collect  information  respecting  the  use  of  motor  vehicles 
likely  to  be  of  service  to  the  members  :  (5)  to  originate 
and  promote  improvement  in  the  law  from  time  to  time 
directly  or  indirectly  affecting  self-propelled  vehicular 
and  locomotive  road  traffic,  and  to  support  or  oppose 
alterations  in  such  law  :  {61  to  popularise  and  assist  the 
development  of  self-propelled  vehicular  and  locomotive 
road  traffic  ;  17)  to  give  information  and  advice,  and 
generally  to  protect  and  extend  the  rights  and  privileges 
of  user<  « >f  motor  vans  and  wagons. 

Side  Slip  Competition 

The  Automobile  Club  announces  a  side-slip  com- 
petition, which  will  be  held  next  year.  Particulars  of 
devices  to  be  submitted  should  be  forwarded,  with 
drawings,  not  later  than  February  29th,  to  the  head- 
quarters of  the  club. 

In  interpreting  the  results  of  tests,  the  design  of  car  on 
which  the  device  is  tested  as  affecting  side-slip  will  be 
considered.  Consideration  will  also  be  given  to  the 
effect  of  the  device  upon  the  speed  or  resiliency  of  the 
tyres  or  power  needed  to  drive  it  :  to  the  effect  upon  the 
road  :  to  the  effect  upon  the  life  of  the  tyre  ;  to  the 
liability  to  dangerous  derangement  or  fracture  :  and  to 
the  price.  The  cars  will  be  submitted  to  a  Preliminary 
Test,  which  will  consist  of  a  run  on  a  greasy  surface, 
made  up  of  a  twisting  course,  to  be  covered  within  a 
certain  line.  All  cars  entering  for  this  trial  must  weigh 
at  least  fifteen  hundredweight  without  passengers.  The 
Preliminary  Side-slip  Trial  will  take  place  on  a  private 
road  or  track  consisting  of  concrete,  cement,  wood,  or 
some  similar  surface,  covered  with  some  slippery  clayey 
material.  Competitors  whose  devices  may  be  considered 
worthy  will  then  participate  in  the  endurance  test  which 
will  consist  of  a  run  of  not  less  than  five  hundred  miles. 


COAL     HOISTING    AND     HANDLING     ABROAD. 


THE  steadily  increasing  bulk  in  which  coal  is 
conveyed  by  sea  and  rail,  and  stored  for  boiler 
service  in  high  pockets  at  power  stations  and  plants, 
has  led  to  a  demand  for  increased  speed  in  the  necessary 
hoisting  and  handling  machinery. 

Demurrage  on  steamships  and  cars  is  an  item  to  be 
carefully  avoided  in  economical  management,  and  the 
large  cargoes  now  shipped  to  terminals  can  only  be 
handled  with  success  by  specially  designed  high-speed 
machinery.  The  problem  is  different  from,  and  more 
difficult  than,  the  familiar  one  of  bulk  unloading 
and  storage  of  coal,  ore,  or  similar  materials  on  the 
ground  level  from  vessels.  The  element  of  height 
materially  affects  the  machinery  design.  With  a 
single  tower,  hoisting  to  about  50  ft.  above  tide  water, 
forty  to  sixty  tons  an  hour  was,  until  recently,  the 
common  speed,  and  ninety  to 
one  hundred  tons  was  only 
attained]  with  difficulty  in  ex- 
ceptionally favourable  circum- 
stances. 


RAPID  UNLOADING  AT  LINCOLN 
WHARF     POWER    STATION. 

The  work  demanded  of  coal 
hoisting  towers  and  their 
machinery  is  of  the  hardest 
description,  both  from  the  un- 
skilled nature  of  the  labour 
employed,  and  the  shocks  to 
the  machinery  incidental  to  this 
service,  and  it  changes  con- 
stantly with  the  nature  and 
size  of  the  coal,  which  may 
vary  from  a  soft  pea  variety 
contained  in  open  wooden 
barges,  to  a  hard  foreign  product 
in  cubes,  2  ft.  square,  loaded 
in  steel  vessels  with  small 
hatches.  A  remarkable  advance 
in  rapid  unloading  was  recently 
made  by  the  C.  W.  Hunt 
Company,  West  New  Brighton. 
X.Y.,  at  the  Lincoln  Wharf 
Power  Station  of  the  Boston 
Elevated  Railway  Company,  a 
run  of  mine  bituminous  coal 
being  raised  90  ft.  above  the 
tide  water  from  one  hatch  of  a 
i  and  delivered  to  the 
storage  pockets,  cracked  in 
mechanical  stoking  size,  at  the 
rate  of  three  hundred  and 
twenty  tons  per  hour,  by  one 
tower.  This  i>  an  advance  of 
about   two   hundred    per    1  ent. 

upon  tin'  previous  best  .and  marks 

an  important     mechanical     en- 
gineering achievement. 


To  attain  this  end,  the  steam  engines  of  fifty  to 
one  hundred  combined  horse  power,  in  common  use 
have  been  replaced  by  machinery  of  three  hundred 
horse  power,  and  the  coal  cracking  machine  attached 
to  the  tower,  cracks  to  the  proper  dimensions  for 
automatic  stokers,  before  passing  to  the  pocket  the 
enormous  quantity  of  coal — over  five  tons  per  minute — - 
which  is  delivered  to  it  from  the  hoisting  machinery. 
The  ordinary  small  steam  shovel  has  been  supplanted 
by  an  automatic  one  of  two  tons  capacity  at  each  lift. 

The  time  occupied  in  raising  two  tons  of  coal  from 
the  hold  of  a  vessel  to  the  discharging  hopper,  nearly 
200  ft.  above,  is  only  six  seconds,  while  the  round 
trip,  involving  the  operations  of  lowering  and  moving 
the  shovel  out  of  the  boom,  opening  the  former,  digging 
up  two  tons  of  coal,  raising  it  to  the  level  of  the  hopper 


AUTOMATIC    DUPLEX    2-TON   SHOVEL,  CAPABLE   OF   LIFTING  OVER    ["WO 
K>NS  AT   EACH    DIGGING. 

It  deposits  load  in  the  pocket,  loo  feel  above  the  hopper,  in  six  seconds. 
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COAL     HOISTING    TOWERS     BUILT     BY   THE    C.    W.    HINT 
COMPANY    FOR    USE    AT   THK    LINCOLN    WHARF    POWER 

STATION  OF  THE  BOSTON"  ELEVATED  RAILWAY  COMPANY. 

and   discharging   it     therein,     is     frequently 
performed  in  twenty-two  seconds. 

The  installation,  shown  in  the  illustra- 
tion, follows  in  general  design,  but  in  heavier 
proportion,  the  standard  Hunt  Steeple  Tower 
Rig,  the  moving  gear  and  coal  cracker  being 
electrically  driven  and  the  hoisting  engine 
direct  connected.  The  towers  have  to 
traverse  overhead  the  whole  length  of  the 
coal  storage  pocket  and  to  move  30  ft.  at  a 
time  without  changing  steam  connection. 
In  this  way  a  single  tower  can  operate  on 
each  hatch  of  a  vessel  in  turn,  or  several 
towers  can  work  simultaneously. 

The  boom,  made  to  fold  up,  for  the  free 
manipulation  of  vessels  with  their  rigging- 
has  an  overhang  of  40  ft..  and  enables  the 
tower  to  operate  on  coal  steamers  of  the 
widest  beam  and  largest  dimensions. 

NEW    PLANT     FOR    DURBAN. 

According  to  the  Colliery  Guardian  there  is 
a  prospect  of  increased  exports  of  Natal  coa^ 
in  the  near  future.  The  Government  have 
recently  restored  the  raihvav  rebate  on 
exported  coal,  and  elaborate  handling 
appliances  are  about  to  be  erected  at 
Durban  and  Delagoa  Bay.  The  plant 
devised  for  Durban  consists  of  two  revolving 
tipplers,  capable  of  taking  trucks  of  40  tons 
or  less  capacity.  In  dumping,  the  coal  is 
discharged  into  a  large  hopper  underneath 
the  wharf,  and  from  it  conveyed  by  a  broad 
belt  up  an  incline  to  storage  bins  specia 
constructed  of  steel,  and  with  a  total  capacity 
of  6,000  tons,   the  space  being   divided  into 


compartments,  each  company  so  desiring  to  have 
the  means  of  keeping  its  own  coal  apart  from 
others.  In  drawing  upon  these  stored  reserves 
a  second  belt  conveyor  is  employed  which 
delivers  the  coal  to  the  cross-conveyor  by 
which  it  is  carried  to  the  ship,  if  necessary 
over  a  vessel  lying  "second  off"  the  quay, 
and  deposited  through  a  patent  chute  or 
telescope,  in  bunker-hatch  or  hold.  The  capacity 
of  the  device  is  about  500  tons  per  hour,  and  by 
emploving  each  of  the  three  distributors  pro- 
vided for,  1,500  tons  of  coal  can  be  handled 
in  a  single  hour.  An  automatic  machine 
for  weighing  the  coal  as  it  passes  over  the 
belt  is  part  of  the  general  arrangement.  Coal 
can  be  also  loaded  direct  from  the  trucks  into 
the  ship  without  passing  through  the  storage 
compartments,  and  in  such  cases  truck  weights 
are  taken.  The  plant  has  been  designed  to 
be  operated  by  electricity,  but  steam  may  be 
used  if  desired.  The  amount  of  labour  required 
to  keep  it  running,  if  electrically  equipped, 
has  been  estimated  at  two  good  mechanics 
and  rive  labourers.  Similar  apparatus  has  been 
designed  for  Delagoa  Bay,  the  cost  involved 
in  each  case  being  estimated  at  ^60,000. 


ANOTHER   VIEW   OF  THE   SHOVEL   DESCENDING    INTO 
THE    HATCH    OF   A  VESSEL. 


THE     "BARTON"    AIRSHIP. 

DESCRIBED    BY    ITS    INVENTOR. 


THE  chief  point  in  the  "  Barton  "  Airship  is  the 
introduction  of  movable  aeroplanes  between 
the  cylindrical  balloon  and  elongated  car.  The  balloon 
is  1 80  ft.  long  and  42  ft.  diameter,  with  a  capacity  of 
230,000  cubic  feet.  The  framework  of  the  car  is 
triangular  in  section,  the  apex  pointing  downwards 
to  the  keel.  The  base  of  the  triangle  is  16  ft.  6  in., 
the  two  sides  being  24  ft.  in  length.  The  main  structure 
is  made  of  bamboo  of  an  average  diameter  of  4  in. 
The  deck  consists  of  nine  platforms  joined  by  light 
bridges.  The  three  main  platforms,  which  are  situated 
in  the  centre,  bow  and  stern,  are  for  the  three  50-h.p. 
Buchet  motors.  These  motors  rest  on  two  aluminium 
bridges.  There  is  a  third  bridge  of  somewhat  different 
form,  placed  parallel  to  the  other  bridge  behind  the 
motor.  These  bridges  spring  from  the  large  bamboos 
which  form  the  ribs  of  the  car,  and  are  joined  longi- 
tudinally to  one  another  by  steel  shafts. 

The  method  of  drive  is  as  follows  :  clutch,  pinion, 
two  gear-wheels,  two  driving  pulleys,  Balata  belt, 
two  driving  pulleys  on  propeller  shaft.  The  pinion 
and     gear-wheels    are    compressed    Whitworth    steel, 


and  the  pulleys  of  aluminium  designed  by  the  "  Un- 
breakable Pulley  Company,"  and  cast  by  Messrs. 
Mills  and  Co.  They  are  fitted  with  phosphor  bronze 
bushes.  The  propellers,  designed  by  Mr.  G.  Walker, 
and  manufactured  by  Messrs.  G.  Wailes  and  Co., 
of  tubular  steel  and  gun-metal  unions,  are  six  in  number, 
and  are  placed  laterally  along  the  ship,  one  on  each 
side  of  each  motor. 

The  propeller  shafts  are  carried  in  bearings  in 
aluminium  slipper  plummer  blocks.  These  blocks 
in  their  turn  are  carried  on  four  steel  tubes,  the  ends 
of  which  are  received  in  sockets  in  aluminium  caps. 
These  caps,  or  boom-ends,  also  have  sockets  at  the 
top  and  bottom  for  stout  bamboos  which  are  connected 
with  the  upper  aeroplane  frame,  and  the  keel  of  the 
car,  respectively,  thus  forming  a  pentagonal  section 
round  about  the  triangular  section  of  the  car. 

The  three  engineers  are  in  telegraphic  communication 
with  the  helmsman  by  means  of  Bowden  wires,  and 
the  same  are  used  for  throttling  the  engine  and  working 
the  clutches.  The  aeroplanes  are  thirty  in  number, 
arranged  in  three  series,  one  in  front  of  each  motor. 
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The  framework  in  which  these  aeroplanes  are  held 
is  of  tubular  steel,  and  gun-metal  unions,  manufactured 
by  the  Farringdon  Works  and  Pontifex,  Ltd. 
Each  series  consists  of  ten  aeroplanes,  five  on  each  side 
of  the  deck,  and  actuated  by  the  engineers.  Each 
aeroplane  is  15  ft.  wide,  and  3  ft.  long,  the  front  edge 
being  fixed,  but  the  back  is  capable  of  being  raised 
and  lowered  through  an  arc  of  60  deg. 

The  raising  and  lowering  of  the  airship  is  obtained 
by  means  of  these  movable  aeroplanes,  which  obviates 
the  necessity  of  letting  out  gas,  or  throwing  out  ballast, 
the  only  method  hitherto  adopted.  Longitudinal 
stability  is  obtained  by  means  of  two  water-tanks 
connected  by  pipes  passing  through  a  motor-driven 
pump.  The  tanks  are  situated  at  the  bow  and  stern 
of  the  ship,  and  are  capable  of  holding  fifty  gallons 
of  water  each.  The  airship  is  steered  by  means  of 
a  rudder  240  square  feet  in  area.  This  rudder  is  on 
the  partially  balanced  principle,  the  pivot  on  which 
it  works  being  two-fifths  from  the  front  edge. 

The  motors  are  cooled  by  means  of  Clarkson's 
radiators,  which  are  attached  to  the  tubular  steel 
booms  behind  each  of  the  propellers.     The  estimate 


of  the  total  weight  of  the  airship,  crew,  water,  petrol, 
etc.,  is  15,700  lb. 

The    \arious   castings   made    by    Messrs.    W.    Mills 
and  Co.,  for  the  airship,  were  as  follows  :— 


Xo.  of 

Wd 

ght 

castings 

Description. 

of  each 

Dime: 

made. 

casting. 

a 

Large  pulley-    ... 

42 

lb. 

2  ft  3  in.  diameter 
by  -\  in.  broad 
bv  1^  in.  bore. 

6 

Small  pulleys 

-- 

1  ft.  3  in.  diameter 
by  7^  in,  broad 
by  2 J  in.  bore. 

12 

Boom  ends 

43 

2  it.  6 in;  by  1  ft. 
1  in.  bv  10  in. 
overall." 

6 

Engine    bridges 
(2  castings  to 
each  bridge)... 

4=5 

12 

Keep-;  lor  ditto... 

4* 

„ 

9111.  bv  ;  in. 

6 

Gear  bridges    ... 

4*f 

,, 

Ditto 

6 

Keeps  for  ditto... 

4* 

Ditto 
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2nd. — Birmingham  Association  of  Mechanical  Engineers: 
President's  Inaugural  Address. 

4th.— Institution  of  Mechanical   Engineers  :  Grat' 
Monthly  Meeting. 

5th. — Junior  Engineering  Society  :  General  Meeting  at 
Swindon. 

7th. — Civil  and  Mechanical  Engineer-"  Society  :  Meeting 
at  Caxton  Hall  at  8  p.m. 

11th. — Edinburgh  University  Chemical  Society:  General 
Meeting, 

12th.— University   of    Liverpool    Engineering    Society 

General  Meeting.  —  Junior  Engineering  Society 
Meeting  at  Swindon. —  Institution  of  Civil  Engineer- 
Ordinary  Meeting. 

13th.  — Liverpool  Engineering  Society  .  General  Meeting 
at  the  Royal  Institution. 

14th.  —  Birmingham  University  Engineering  Society  : 
Ordinary  Meeting.  -  Institution  of  Electrical  Engineers: 
General  Meeting  at  the  Institution  of  Civil  Engineers. 

15th.— City  of  London  College  Science  Society  :  General 

Meeting.  —  Institution     ol      Mechanical      Engineers  : 
Ordinary  Meeting. 

16th. — North-East  Coast  Institution  of  Engineers  and 
Shipbuilders  :  Graduates'  Meeting.— Manchester  Asso- 
ciation of  Engineers  :  President's  Inaugural  Address. 
—  Staffordshire  Iron  and  Steel  Institute  General 
Meeting. 


19th. -Institution  of  Civil  Engineers:  General  Meeting 
at  8  p.m. 

20th. — Liverpool  Engineering  Society  :  General  Meeting 
at  the  Royal  Institution. 

21st.  —  Birmingham  University  Engineering  Societv  : 
Ordinary  Meeting — Institution  of  Mini  ,g  and  Metal- 
lurgy :  General  Meeting. 

22nd. — Xorth-East  Coast  Institution  of  Engineers  and 
Shipbuilders  :  General  Meeting.— Junior  Institution  of 
Engineers  :  Presidential  Address  by  J.  Fletcher 
Moulton.  Esq.,  K.C.,  M.P.,  E.R.S. 

25th- — Society  of  Arts  :  Cantor  Lecture. — Edinburgh 
University  Chemical  Society  ;  General  Meeting. 

26th. — University  of  Liverpool  Engineering  Societv  : 
General  Meeting. — Junior  Engineering  Society  :  Meet- 
ing at  Swindon. 

27th. — Liverpool  Engineering  Society:  General  Meeting 

28th— Leeds  Association  of  Engineers:  General  Meet- 
ing. 

30th.  —  Manchester  Association  of  Engineers  :  General 
Meeting.— Midland  Counties  Institution  of  Engineers  : 
Joint  Meeting  at  Sheffield. — Staffordshire  Iron  and 
Steel  Institute  ;  General  Meeting. 


CATALOGUE    COVER 
DE5IGN. 


In  both  these  designs  silver  has  been 
effectively  introduced — in  the  case  of  Messrs. 
David  Bridge  and  Co.,  to  convey  the  suggestion 
of  frost  covering  the  words  "  Ice  Crushing 
Machinery."  For  this  cover  subdued  colours 
have  been  chosen  ;  dark  green  forms  the  back- 
ground, while  the  centre  panel,  framed  in  silver, 
is  of  a  chocolate  tint.  For  the  title  a  lighter 
shade  of  green  has  been  employed,  and  the 
name  *'  David  Bridge  and  Co.,"  etc.,  is  executed 
in  silver,  the  whole  producing  an  appropriate 
and  harmonious  effect.  The  interior  of  the 
catalogue  is  attractively  arranged,  and  it  has 
been  put  together  with  a  due  regard  to  the 
value  of  time,  the  various  tables,  giving  sizes 
and  prices,  being  clearly  set  forth,  and  the 
whole  catalogue  provided  with  an  index. 


In  the  pamphlet  dealing  with  Messrs.  Samuel 
Denison  and  Son's  Patent  Testing  Machine,  the 
work  of  the  artist  is  thrown  into  relief  in  silver. 
The  name  is  displayed  in  black,  the  design 
being  a  thoroughly  artistic  conception,  and 
reflecting  much  credit  on  the  designer — Mr. 
Sanderson,  of  Leeds.  The  groundwork  is  of 
a  brownish  tint,  and  the  hinges,  represented 
on  the  outer  edge,  are  shown  in  black.  The 
small  silver  shield  at  the  top  bears  the  words 
"  Kngineering  Employers'  Federation,  1896." 
The  interior  of  the  pamphlet  consists  of  art 
sheets  stapled  together,  and  there  are  a  number 
of  excellent  illustrations. 
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LONDON,  December  22nd,  1903. 

Our  New  Battleships. 

The  purchase  by  the  British  Government  of  the 
two  Chilian  battleships,  the  Libertad  and  Constitucion, 
built  respectively  by  Messrs.  Vickers,  Sons  and  Maxim 
and  Sir  W.  G.  Armstrong,  Whitworth  and  Co.,  Ltd., 
appears  to  have  given  general  satisfaction.  For 
strategic  reasons  it  would  have  been  scarcely  politic 
to  have  allowed  these  two  powerful  fighting  ships 
to  have  been  absorbed  by  a  foreign  navy,  and  they 
have  been  secured,  moreover,  at  £1,875,000  instead 
of  the  £2,200,000  previously  asked.  It  is  generally 
known  that  a  man-of-war  is  a  compromise,  and  that 
there  is  a  considerable  divergence  of  opinion  even 
among  experts  as  to  what  constitutes  an  ideal  battle- 
ship. These  vessels  having  been  designed  outside 
the  sphere  of  our  control  naturally  embrace  features 
which  are  not  altogether  in  accordance  with  the  views 
on  construction  which  prevail  at  the  Admiralty, 
and  their  acquisition  will  consequently  necessitate 
the  introduction  of  new  ideas,  the  effects  of  which 
will  be  most  carefully  watched.  They  are  powerfullv 
armed — the  Libertad  has  a  complement  of  fortv-six 
guns — and  are  well  armoured,  though  their  armour 
is  not  carried  into  the  bows  in  accordance  with  the 
modern  practice  of  the  Admiralty.  On  the  other 
hand  the  normal  coal  capacity  is  more  circumscribed 
than  is  usual  in  our  first-class  battleships.  The  Libertad 
has  exceptional  accommodation  for  the  comfort  of 
the  men.  During  her  trials  she  showed  her  ability 
to  steam  at  17^  knots  an  hour  with  a  coal  consumption 
of  1*71  lb.  per  i.h.p.,  while  at  the  full-power  trials 
of  six  hours'  duration  the  vessel  ran  six  times  over 
the  measured  mile  on  the  Clyde,  and  developed  a 
mean  speed  of  2017  knots,  with  the  engines  running 
at  158  revolutions,  the  coal  consumption  being  173  lb. 
per  i.h.p.  per  hour.  Two  warships  are  thus  added 
to  the  navy  at  a  reduced  cost_  and  ready  for  im- 
mediate action. 

The  Turbine  in  the  United  States. 

The  rapid  development  of  turbine  machinery  in 
this  country  is  likely  to  be  well  seconded  in  America. 
Elaborate  tests  of  the  leading  turbine  engines  have 
been  made  by  a  specially  appointed  Board  for  the 
Bureau  of  Steam  Engineering  of  the  American  Navy, 
and  the  conclusions  of  the  Board  have  been  embodied 
in  two  reports.  It  is  strongly  recommended  that 
turbine  engines  be  installed  in  one  or  two  types  of 
war  vessels,  for  the  purpose  of  conclusively  determining 
their  efficiency  for  general  use  in  torpedo  boats, 
destroyers,  etc. 

The  first  large  set  of  steam  turbines  installed  for 
screw  propulsion  in  the  United  States  being  those 
of  the  steamer  Revolution,  it  seemed  appropriate  to 
the  Board  to  deal  with  the  general  performance  of 
these  turbines.  They  are  of  the  Curtis  two-stage, 
compound,  marine  type,  reversible  and  condensing. 
Aside  from  the  ordinary  advantages  claimed  for  the 
steam  turbine,  the  most  noticeable  feature  observed 
was  the  almost  entire  absence  of  vibration  or  disturbing 
noises  usually  attending  the  running  of  fast-moving 
reciprocating  engines,  and  the  slight  care  and  attention 
needed  while  in  operation.     The  turbine  engines  were 
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easily  started,  stopped  and  reversed,  the  time  required 
for  each  operation  being  only  that  necessary  for  the 
opening  and  closing  of  a  set  of  valves  connecting 
the  turbine  casings  with  the  main  steam  pipes.  Five 
seconds  was  the  maximum  time  consumed  for  the 
operation  of  reversing  the  motors  from  full  speed 
ahead  to  full  speed  back,  with  two  men  handling  the 
gear,  one  to  each  turbine.  This  may,  however,' be  done 
by  one  man  at  a  slightly  increased  expenditure  of  time. 
Running  full  speed  ahead  with  both  screws,  and 
then  suddenly  reversing  the  engines,  the  ship  was 
brought  to  a  standstill  in  about  thirty-two  seconds  ; 
the  same  conditions  with  one  screw  required  about 
thirty-eight  seconds.  Similar  operations  were  repeated 
with  the  vessel  running  at  lower  speeds,  and  about 
the  same  amount  of  time  for  reversing  was  required. 

The  trial  of  the  Parsons  engine  was  made  with  one 
i  ,000-kilowatt  steam  turbine,  built  for  the  Cleveland 
Elyria  and  Western  Railroad.  It  was  of  the  two-stage 
type,  direct  connected  to  the  revolving  field  of  an 
alternating  current  generator,  400  volts,  two-pole,  three- 
phase,  3,000  alternations. 

It  was  noted  that  the  turbine  ran  without  noise, 
the  humming  discernible  being  due  to  the  generator. 
Its  revolving  parts,  being  accurately  balanced,  ran 
perfectly  smooth,  without  even  the  slightest  vibrations. 
It  is  remarked  that,  compared  with  the  reciprocating 
engine,  there  are  fewer  parts  in  the  turbine  that  need 
watching,  and  a  smaller  engine-room  force  will,  in  all 
likelihood,  therefore  suffice. 

The  space  occupied  by  a  battleship  engine  of  the 
usual  stroke  and  piston  speed  is  approximately  075 
cubic  foot  per  i.h.p.  The  space  required  for  the  turbine 
(bringing  the  cylinders  close  together  and  eliminating 
the  generator)  is  about  o'68  cubic  foot  per  i.h.p.,  the 
above  being  figured  on  a  basis  of  efficiency  of  0-85  in 
the  reciprocating  engine.  The  weights  of  the  turbine 
may  be  cut  down  to  some  extent  by  substituting 
steel  castings  where  now  cast-iron  is  used — for  instance, 
in  bed  plate  and  casing. 

The  Province  of  Wireless  Telegraphy. 

The  extinction  of  the  submarine  cable  services, 
which  at  one  time  might  have  been  supposed  to  be 
imminent,  seems  hardly  likely  to  be  witnessed  in 
our  generation,  but  there  is  still  a  good  deal  of  difference 
of  opinion  as  to  the  province  of  wireless  telegraphy. 
Sir  J.  Wolfe  Barry,  at  the  recent  annual  dinner  of  the 
Institution  of  Electrical  Engineers,  replying,  on  behalf 
of  telegraph  enterprises,  said  there  were  now  no  less 
than  225,000  miles  of  cable  throughout  the  world, 
and  considerably  more  than  half  were  British.  The 
capital  held  in  this  country  in  cable  enterprise  was 
^30,000,000,  and  the  international  messages  with 
Great  Britain  numbered  more  than  100,000,000  words 
per  annum,  of  which  one-fifth  were  Government  and 
Press  messages.  As  to  the  possibilities  6f  wireless 
telegraphy,  he  yielded  to  no  one  in  his  interest  in 
that  fascinating  subject,  but  he  would  point  out 
that  the  Eastern  Telegraph  Company  had  five  cables 
from  Cornwall,  and  at  busy  hours  they  dealt  with 
15,000  words  per  hour.  There  were  forty  cables 
which  touched  England,  including  the  gigantic  net- 
work of  North  American  cables,  and  if  other  cables 
were  working  at  the  same  rate  they  would  arrive 
at  a  total  of  120,000  words  per  hour,  which  was  equal 
to  2,000  words  or  12,000  letters  per  minute.  Let 
them  fancy  this  discharge  of  words  being  bombarded 
into  ether  and  encountering  there  an  equal  bombard- 
ment from  foreign  countries.  The  prospect  was 
appalling.  The  record  of  the  cable  enterprise  since 
1850,   when   the  first   little  cable   was   laid    across   the 


English  Channel,  and  since  about  forty  years  ago, 
when  the  first  cable  was  laid  across  the  North  Atlantic, 
was  a  great  one,  and  when  it  was  considered  that  these 
developments  were  brought  about  chiefly,  if  not  entirely, 
by  the  enterprise  of  their  own  countrymen,  the  record 
was  one  of  which  they  might  well  feel  proud. 

Nobody  will  be  inclined  to  quarrel  with  these  state- 
ments, but  we  hope  that  we  may  in  time  be  equally 
proud  of  wireless  telegraphy,  which  is  likely  to  prove 
of  incalculable  service,  in  directions  not  necessarily 
opposed  to  the  cable  companies.  An  instance  of  its 
utility  to  the  mariner  was  recently  afforded  by  the 
accident  to  the  American  steamer  Kroonland,  en  route 
for  New  York,  which  disabled  her  stearing  gear, 
about  130  miles  west  of  the  Fastnet,  and  had  to  put 
back  to  Cjueenstown. 

The  saloon  passengers  speak  in  the  highest  terms  of 
praise  of  the  utility  of  the  Marconi  wireless  telegraphy 
with  which  the  liner  is  fitted,  and  of  the  facility  with 
which,  when  the  accident  occurred,  the  passengers 
were  able  to  communicate  with  their  friends  in  England, 
Scotland,  and  the  Continent,  and  even  America, 
and  get  replies  before  the  Irish  coast  was  sighted. 
The  accident  occurred  in  the  middle  of  the  day,  and 
communication  was  at  once  made  with  the  Marconi 
station  at  Crookhaven.  Captain  Doxrud  was  enabled 
accordingly  to  send  messages  to  the  chief  agents  of  the 
American  Line  at  Antwerp  stating  the  nature  of  the 
damage  to  the  steering  gear  of  the  steamer,  and  that 
he  would  have  to  abandon  the  idea  of  prosecuting 
the  western  voyage.  Within  an  hour  and  a  half  a 
message  was  received  by  the  captain  from  the  agents 
instructing  him  what  to  do,  and  at  once  the  Kroonland 
was  headed  for  Queenstown.  Three-fourths  of  the 
total  number  of  the  saloon  passengers  and  a  goodly 
number  of  the  second  cabin  sent  messages  to  their 
friends  in  various  parts  of  the  world,  and  replies 
were  received  even  from  the  Continent  before  the 
Fastnet  was  sighted. 
Life  and  Limb  on  American  Railways. 

The  Interstate  Commerce  Commission  has  just 
issued  its  quarterly  accident  statistics  for  the  period 
ending  June  30th,  1903,  and  to  quote  a  leading 
American  journal,  it  certainly  "  cannot  be  said  that 
they  are  in  any  sense  gratifying." 

"As  for  the  totals — over  3,500  killed  outright  and 
nearly  46,000  injured,  only  the  casualty  records  of  the 
greatest  battles  in  history  will  serve  as  a  comparison." 

The  figures,  as  compared  with  the  previous  year, 
show  a  melancholy  increase  all  along  the  line,  though 
it  is  only  fair  to  say  that  this  is  partly  to  be  ascribed 
to  the  growth  of  traffic,  and  particularly  to  the  presence 
in  the  service  of  an  usually  large  proportion  of  inex- 
perienced men,  who  have  been  employed,  owing 
to  the  unprecented  volume  of  traffic.  The  actual 
figures  are  as  follows  : — 

1903.  1902. 

Passengers —  Killed.    Injured.     Killed.-  Injured. 

In  train  accidents           ..         164      4,424        167       3,586 
Other  causes        157      2,549        13"      -.503 


Total 

Employees — 
In  train  accidents 
In  coupling  accidents    ... 
Overhead  obstruction,  etc. 
Falling  from  cars,  etc.  ... 
Other  causes 


Total    

Grand  total 


321  6,973  303  6,089 

895  6440  607  5,046 

253  2,788  14.1  2,113 

o;  00a  104  1,070 

678  8,025  5.^7  6,867 

1.314  20,750  1,035  18,015 

3,333  50,004  -o'"  33.711 


..     3,554    45,077     -'-8 19    39,8oo 
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It  is  shown  that  only  one  in  three  of  those  killed, 
and  about  one  in  four  of  those  injured,  were  in  train 
accidents.  Falling  from  moving  trains  or  casualties 
while  getting  on  or  off,  is  the  most  frequent  cause 
of  death  to  both  passengers  and  employees  in  the 
States.  During  the  year  under  review,  both  collisions 
and  derailments  increased  in  number  greatly  as  com- 
pared with  1902. 

A  Blue- Book  has  been  issued  containing  returns  of 
accidents  and  casualties  as  reported  to  the  Board  of 
Trade  by  the  several  railway  companies  in  the 
United  Kingdom  during  the  six  months  ended  June 
30th,  1903,  together  with  reports  of  the.  inspecting 
officers,  assistant  inspecting  officers,  and  sub-inspectors 
of  the  Railway  Department  to  the  Board  of  Trade 
upon  certain  accidents  which  were  inquired  into. 
Accidents  to  trains,  rolling  stock,  permanent  way,  etc., 
caused  the  death  of  four  persons  and  injury  to  368 
persons.  The  total  number  of  personal  accidents 
reported  to  the  Board  of  Trade  by  the  several  companies 
during  the  six  months  amounted  to  607  persons  killed 
and  8,683  injured. 

The  New  Imperial  College  of  Technology. 

The  annual  dinner  of  the  Institution  of  Mining 
and  Metallurgy,  afforded  the  President  of  that  Insti- 
tution (Mr.  Henning  Jennings)  an  opportunity  of 
dealing  with  the  technical  education  question,  and 
of  showing  the  part  which  that  institution  has  taken 
and  is  taking  in  connection  with  the  movement. 
Explaining  the  circumstances  under  which  the 
Council  are  centring  their  advice  and  aid  upon  the 
Royal  School  of  Mines,  he  said  they  felt  that  the  work 
of  reorganisation  should  not  be  done  on  a  little  patch- 
work system,  but  on  great  broad  lines,  and  thus  they 
had  welcomed  the  great  scheme  now  on  foot  for  the 
organisation  of  a  great  new  Imperial  College  of  Tech- 
nology at  South  Kensington.  They  felt  satisfied  that 
if  such  a  scheme  were  established,  the  claims  of  the 
strengthened  and  perfected  Royal  School  of  Mines 
for  recognition  could  not  be  ignored,  and  that  it 
would  not  be  blotted  out,  but  only  strengthened 
and  vivified.  They  also  realise  that  at  the  present 
time  the  organisers  of  the  larger  scheme  could  not  be 
assisted  by  detailed  discussion  or  advice  from  them, 
as  it  was  evident  that  the  first  step  to  be  taken  was 
to  properly  arrange  the  managerial  and  finanical 
lines  with  the  Government  donors,  and  the  amalgamated 
educational  institutions.  They  understood  that,  when 
this  organisation  was  complete,  detailed  technical 
advice  would  be  eagerly  sought,  from  all  other 
professional  societies  which  the  various  branches 
of  the  new  college  might  embrace.  Thus  they  felt 
that  the  most  efficient  way  in  which  they  could  help 
forward  this  great,  good  cause  at  present  was  by 
having  faith  and  patience. 

In  the  same  way  public  subscriptions  to  the  Bessemer 
Memorial  had  not  yet  been  energetically  solicited, 
as  it  was  not  considered  well  to  do  so  until  the  main 
lines  of  the  larger  scheme  with  which  it  was  combined 
had  been  more  defined.  The  interest  in  the  movement, 
though  at  present  allowed  to  lie  dormant,  was  still 
intense  and  vital,  and  that  institution  had  shown  its 
belief  in  the  final  outcome  of  the  scheme  by  promising 
from  its  funds  an  appropriation  of  one  thousand  guineas. 

He  would  in  no  way  attempt  to  set  forth  the  relative 
statistics  |  connected  with  the  technical  education 
of  Germany,  the  United  States,  and  this  country. 
This  had  already  been  done  by  abler  voices  and  pens 
than  his.  The  point,  however,  that  he  desired  to 
emphasise  regarding  these  statistics  was  this  :  that 
by    creating    one    great    technical    centre    for    higher 


education  in  this  country,  they  need  not  fear  that 
they  should  be  overdoing  the  business  in  comparison 
with  other  countries  ;  in  fact,  in  the  case  of  the  London 
Polytechnic  schools,  which  had  done  and  were  doing 
such  great  good  work  for  the  artisan  classes  by  their 
wonderfully  efficient  night  school  courses,  the  highest 
courses  in  this  new  college  should  only  be  regarded 
as  a  goal  and  prize  for  their  best  talent,  and  thus 
stimulate  and  not  injure.  Other  existing  technical 
institutions  should  also  not  be  alarmed,  for  it  seemed 
to  him  that,  by  focussing  public  interest  and  making 
a  great  success  at  one  centre,  they  should  only  be 
recruiting  interest  and  funds  for  the  whole  structure 
of  technical  education  in  the  kingdom.  It  seemed 
to  him  that  the  new  institution  should  draw  its  supply 
of  students  from  both  the  struggling  and  the  prosperous, 
and  for  this  purpose  scholarships  and  judicious  aid 
of  all  kinds  must  be  given  to  the  struggling. 
The  prosperous  should  be  attracted  to  it,  not  as 
to  a  new  playground,  or  a  soft  -  hearted  influence 
centre,  but  should  be  made  to  feel  that  it  was 
a  real  training  ground  for  battle,  where  their  mental 
muscles  could  be  made  strong,  quick,  and  flexible 
for  the  strenuous  and  exacting  struggle  that 
was  before  this  nation  in  connection  with  industrial 
matters. 

The  Mosely  Commission. 

It  is  remarked  by  an  influential  American  journal 
that  the  recent  visit  of  the  British  Commission 
investigating  American  methods  of  technical  education 
brings  to  the  front  a  very  serious  question  as  to  the 
value  of  that  which  they  have  found — "  That  technical 
instruction  in  England  is  in  a  highly  unsatisfactory 
state  admits  of  little  doubt  ;  it  is  quite  certain  also 
that  the  Commission  discovered  here  some  admirable 
institutions,  but  did  they  find  a  well-defined  method 
of  education  which  might  fairly  be  said  to  be  common 
to  American  technical  schools  ?  We  think  not,  and 
on  the  contrary,  if  their  investigations  were  at  all 
as  thorough  as  they  were  intended  to  be,  they  assuredly 
found  that  American  institutions  were  on  all  sorts  of 
planes  of  usefulness  and  representing  all  sorts  of 
educational  ideals.  '  English  technical  instruction  is 
essentially  a  development  of  the  trade-school  idea, 
very  useful  in  itself,  but  far  from  being  all-inclusive 
in  its  functions.  Here  the  trade  school  as  such  is 
almost  an  unknown  quantity,  and  so  far  as  it  here 
exists  is  of  comparatively  recent  growth.  That  it 
may  be  useful  when  intelligently  managed  the  cor- 
respondence schools  which  have  assumed  some  of  its 
functions  bear  witness  ;  but  they  cannot  be  regarded 
as  a  sequent  part  of  our  general  educational  system, 
which  is  based  as  regards  technical  instruction,  on  the 
small  university  using  that  term  in  its  American 
signification  of  an  institution  in  which  all  sorts  of 
things  are  taught.  The  main  work  of  technical  instruc- 
tion in  this  country  is  done  by  the  '  land-grant  ' 
colleges  under  State  supervision  and  founded  originally 
to  provide  instruction  in  '  agriculture  and  the  mechanic 
arts.' 

"In  many  instances  the  instruction  in  agriculture 
has  been  separated  from  that  in  the  mechanic  arts, 
and  the  latter  has  been  merged  in  the  general 
work  of  a  State  University  ;  but  it  is  an  impressive 
fact  that  technical  study  has  been  in  every  State  of 
the  Union  backed  up  by  a  strong  local  appreciation 
of  its  necessity.  It  is  in  response  to  this  sentiment 
that  courses  in  engineering  have  been  developed, 
and  because  of  its  representation  of  local  necessities 
that  they  have  taken  the  various  forms  in  which 
they  now  appear." 
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Mr.  B.  H.  Thwaite  in  America. 

Mr.  B.  H.  Thwaite,  during  his  stay  in  America, 
has  been  giving  the  readers  of  the  Iron  Age  the 
benefit  of  some  data  relative  to  his  latest  type  of 
Blast  Furnace  Gas  Cleaning  Plant. 

The  gas  is  led  to  a  special  form  of  washer  of  the 
simplest  construction,  this  being  equipped  with  a 
water  seal,  which  not  only  enables  the  deposited 
dirt  to  be  removed  at  any  time,  but  also  acts  as  a  ready 
outlet  of  escape  in  the  case  of  sudden  rushes  of  gas. 
This  apparatus  reduces  the  temperature  of  the  gases, 
and  a  considerable  proportion  of  the  water  suspended 
in  them  is  condensed.  It  is  so  arranged  as  to  compel 
the  gases  to  flow  uniformly  and  repeatedly  through 
the  water,  this  being  effected  by  the  action  of  a  centri- 
fugal fan,  which  is  sufficiently  powerful  to  establish 
and  maintain  a  io-in.  suction.  From  the  washer 
the  gas  flows  into  an  atmospheric  tubular  cooler, 
which  may  act  as  a  recuperator  of  hot  air  if  that 
should  be  required  for  any  purpose.  Usually,  however, 
the  tubes  are  exposed  merely  to  the  cooling  influence 
of  the  atmosphere.  They  are  open  on  the  top  and 
at  the  bottom,  so  that  they  can  be  readily  cleaned 
by  either  mechanical  means  or,  what  is  generally 
sufficient,  by  flushing  them  with  water  from  an  upper 
tank.  This  tank  combines  the  two  sets  of  tubes 
through  which  the  gas  flows  first  in  an  upward  and 
then  in  a  downward  direction.  From  this  apparatus 
the  gas  enters  the  centrifugal  fan  which  is  so  arranged 
that  any  dirt  which  accumulates  can  be  washed  out 
readily.  The  fan  not  only  draws  the  gas  from  the 
two  elements  of  the  plant  already  described,  but  it 
also  forces  the  gas  through  two  additional  filtration 
elements  for  the  sake  of  future  purification.  These 
act  also  as  safety  valves  ;  that  is  to  say,  if,  due  to 
a  fall  of  the  burden  or  to  explosions  in  the  furnace — 
not  uncommon  occurrences — there  is  an  abnormal 
quantity  of  dust  in  the  gas.  If  it  were  not  for  the 
filtration  elements  this  dust  would  to  some  extent 
gain  access  to  the  engine  and  create  serious  trouble. 
The  filtration  elements,  which  consist  of  a  duplicate 
set  of  coke  scrubbers  and  sawdust  scrubbers,  stop 
this  dust,  so  that  the  gas  when  it  enters  the  holder 
is  pure  and  almost  dry.  The  last  element  in  the 
series  is  the  governor  holder,  which  establishes  a 
constant  pressure,  regulating  the  supply  of  gas  to 
the  engine. 

The  Author  of  "De  Magnete." 

The  tercentenary  of  the  death  of  Dr.  Gilbert,  of 
Colchester,  gave  the  Institute  of  Electrical  Engineers 
an  opportunity  of  doing  honour  to  the  memory  of  a 
man  whose  researches,  forgotten  by  many,  entitle 
him  to  be  called  the  father  of  electrical  science.  On 
the  ioth  ult.  a  very  interesting  picture,  by  Mr.  A. 
Ackland  Hunt,  showing  Dr.  Gilbert  experimenting 
before  Queen  Elizabeth  and  her  Court  was  formally 
presented  by  the  Institution  to  the  Borough  of  Col- 
chester. Professor  Silvanus  Thompson  so  happilv 
summed  up  the  work  of  Dr.  Gilbert  that  we  cannot 
do  better  than  quote  his  remarks  direct.  "Elec- 
tricians," he  said,  "  owed  an  enormous  debt  of  gratitude 
t"  (.ilbert,  who  for  them  was  pre-eminent  among  all 


the  great  men  of  Elizabeth's  time.  There  had  been 
Statesmen  before  Cecil,  dramatists  before  Shakes- 
peare, and  philosophers  before  Bacon,  but  before 
Gilbert  there  was  no  electrician.  He  claimed  admira- 
tion as  the  founder  of  electricity,  and  also  of  terrestrial 
magnetism  ;  of  the  latter  science,  proceeding  by  the 
method  of  experiment,  he  laid  the  foundation  in  his 
book  '  De  Magnete/  and  drew  the  inference  that  the 
earth  itself  was  a  magnet.  In  spite  of  the  claims 
of  a  busy  life  as  a  physician,  he  devoted  much  time 
and  money  to  scientific  work.  Astronomy  owed 
three  things  to  him — advocacy  of  the  views  of  Coper- 
nicus in  England,  the  conclusion  that  the  fixed  stars 
could  not  all  be  at  the  same  distance  from  the  earth, 
and  the  first  known  map  of  the  moon.  He  also 
advanced  the  science  of  navigation.  He  was  born 
at  2.30  p.m.  on  May  24th,  1544,  at  Colchester,  in  a 
house  that  was  still  standing,  and  for  aught  they 
knew  to  the  contrary  his  death  also  took  place  in  it 
on  December  ioth,  1603  (N.S.).  Within  a  few  yards 
of  that  house,  which  should  be  the  Mecca  of  electricians, 
his  bones  were  laid  in  the  Church  of  Holy  Trinity, 
where  there  was  a  monumental  tablet  to  his  memory." 
The  Mayor  of  Colchester  assured  the  President 
and  members  of  the  Institute  that  the  picture  would 
be  suitably  hung  upon  the  walls  of  the  Town  Hall 
of  Gilbert's  native  town. 

The  Late  Sir  Frederick  Bramwell. 

It  is  not  easy  within  the  limits  of  a  paragraph  to 
pay  a  fitting  tribute  to  the  unique  and  striking  per- 
sonality of  the  late  Sir  Frederick  Bramwell,  whose  active 
and  useful  career  ended  on  November  30th.  His 
sterling  personal  characteristics,  genial  temperament, 
and  ready  wit,  may  unhappily  fade  from  the  mind 
with  the  lapse  of  time,  but  he  will  long  be  remembered 
as  the  foremost  arbitrator  of  the  day  in  engineering 
matters — especia  ly  those  affecting  the  mechanical 
engineer.  The  late  baronet  was  born  in  18 18— the  year 
which  witnessed  the  founding  of  the  Institution  of 
Civil  Engineers.  His  successful  career  extended  over 
the  best  part  of  a  century,  distinguished  above  all 
others  as  the  age  of  mechanical  engineering.  It  is 
impossible  to  look  back  upon  such  a  life  without 
wonderment  at  the  vitality  of  the  man,  the  wide 
ramifications  of  his  interests  and  the  amount  of  work 
he  was  able  to  achieve  in  the  half  century  which 
elapsed  between  1853,  when  he  commenced  business 
on  his  own  account,  and  the  time  of  his  demise.  Few 
can  claim  the  honour  of  having  been  president  of 
three  such  institutions  as  the  Institution  of  Civil 
Engineers,  the  Institution  of  Mechanical  Engineers, 
and  the  British  Association.  His  abilities  were  wideh 
recognised  both  in  the  profession  and  out  of  it.  He 
held  the  honorary  degree  of  D.C.L.  from  the  Universities 
of  Oxford  and  Durham,  and  that  of  LL.D.  from  Cam- 
bridge and  McGill.  Other  prominent  features  in  the 
life  of  the  late  Baronet  wire,  his  election  as  Fellow 
of  the  Royal  Society  in  1873,  his  appointment  on  the 
Ordnance  Committee  in  l88l,  his  appointment  as 
Honorary  Secretary  of  the  Royal  Institution  in  1885, 
his  Knighthood  by  Queen  Victoria  in  1.XS1.  and  the 
baronetcy  which  was  bestowed  upon  him  in  1889. 
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THE  purchase  by  this  country  of  the  two  battle- 
ships Libertad  and  Constitution  building  in  this 
country  for  Chili,  and  the  decision  of  the  Admiralty 
to  use  the  design  of  the  Kin*;  Edward  VII.  class  for 
the  three  battleships  to  be  built  in  the  Government 
dockyards,  has  aroused  a  further  discussion  upon 
design  and  cognate  matters.  In  this  Magazine,  about 
this  time  last  year,  I  discussed  the  relative  importance 
of  the  qualities  and  attributes  required  in  d< 
whether  for  battleship,  cruiser,  or  other  purposes, 
and  showed  how  they  should  be  combined  to  make 
up  what  I  called  battleworthiness.  It  is  well  to 
remember,  when  discussing  questions  of  design,  that 
experts  are  not  agreed  altogether  as  to  the  exact 
Telation  that  these  qualities  or  attributes  should 
bear  to  one  another  in  the  various  classes  of  vessels. 
This  is  not  to  say  that  there  is  no  general  consensus 
of  view  as  to  the  predominance  of  certain  qualities 
for  certain  classes,  but  rather  that  the  divergency 
•of  opinion  is  one  of  relative  quantity.  Everyone,  it 
may  be  assumed,  would  place  the  quality  of  offence 
first  in  a  battleship  design,  whereas  in  a  cruiser  speed 
would  be  the  first  quality  looked  for  by  many.  It 
is  true  that  a  certain  school  have  recently  shown  an 
inclination  to  place  speed  in  a  battleship  more  promi- 
nently forward  than  had  previously  been  the  case. 
But  it  seems  fairly  obvious  that  it  is  of  no  great  account 
to  be  able  to  bring  your  ship  speedily  to  the  point 
of  action  if,  when  she  arrives  there,  she  is  inferior  in 
power  of  offence  to  the  vessel  by  which  she  is  to  be 
opposed.  Similarly  seaworthiness,  which  I  take  to 
be  a  combination  of  elements  including  steadiness  as 
a  gun  platform,  and  a  reasonable  amount  of  habita- 
bility  for  the  crew  as  well  as  merely  sea  keeping  ability, 
has  of  recent  years  taken  a  higher  place  than  formerly. 
The  contrast  presented  by  the  outward  appearance 
of  our  modern  battleships,  and  those  for  example 
of  the  "Admiral  "  class  demonstrates  clearlv  the  move- 
ment in  this  direction.  It  has  been  said,  and  with 
some  truth,  that  in  endeavouring  to  obtain  the  greatest 
possible  steadiness  as  a  gun  platform,  and  at  the 
same  time  the  greatest  amount  of  seaworthiness,  the 
naval  constructor  has  to  reconcile  two  fundamentally 
opposed  qualities,  since  the  more  lively  vessel  is 
generally  the  more  stable  ship.  In  some  tables,  which 
I  give  below,  I  have  endeavoured  to  show,  by  means 
of  figures,  the  qualities  of  various  classes  of  battle- 
ships. And  although  it  would  be  a  mistake,  as  Sir 
William  White  has  so  lucidly  and  conclusively  demon- 
strated, to  use  these  figures  alone  for  the  purpose 
of   comparing   one   class   of   ship   with   another,    they 


should  at  least  be  valuable  for  the  purpose  of  indi 
eating  the  trend  of  opinion   in  the  various  countries. 

The  method  followed  in  the  tables  given  below 
is  to  arrange  the  different  types  in  order  of  age,  the 
date  given  being  that  at  which  the  vessels  were 
presumably  designed.  It  has  seemed  better  to  use 
this  date  than  that  of  launch  or  completion,  because 
■t  is  obvious  that  unless  modifications  are  made  in 
the  elements  of  the  vessel  during  building,  this  is 
the  right  date  to  use  for  purposes  of  comparing  design. 
Secondly,  displacement  is  a  measure  of  capacity ; 
it  is  obvious  that  where  there  is  large  discrepancy 
in  displacement  there  must  have  been  sacrifices  of 
some  kind  in  the  smaller  vessel,  and  moreover,  if  in 
the  smaller  vessel  there  is  also  found  to  be  a  prepon- 
derance of  any  particular  attribute  over  the  corre- 
sponding quality  in  the  larger  vessel,  so  much  greater 
must  have  been  the  sacrifice  in  other  directions. 
Bearing  on  this  question  three  important  factors 
require  consideration.  These  are  coal  capacity,  coal 
consumption  and  speed.  The  coal  capacity  of  a  type 
is  difficult  to  determine  with  precision.  We  are 
generally  given  two  amounts :  the  bunker  capacity 
at  the  normal  displacement  of  the  vessel  and  a  larger 
amount,  which  is  generally  described  as  the  maximum, 
and  which,  if  the  vessel  carried  it.  would  presumably 
increase  her  displacement  and  therefore  affect  both 
her  consumption  and  speed.  The  coal  consumption 
at  various  speeds  would,  if  included,  have  considerably 
increased  the  space  required  for  the  tables.  It  has, 
therefore,  been  omitted,  bat  it  should  certainly  be 
taken  into  account  in  comparing  design.  The  speed 
given  in  every  case  is  that  for  which  the  ship  and  her 
machinery  was  designed,  except  where  such  speed 
was  not  attained  on  trial.  Some  vessels  have,  doubt- 
less, exceeded  their  designed  speed — the  I,  for 
example,  is  reported  to  have  attained  over  twenty 
knots — but  to  introduce  these  trial  speeds  would  require 
also  a  description  of  the  circumstances  and  conditions 
under  which  they  were  accomplished.  In  regard 
to  armour,  the  maximum  on  barbettes  and  secondary 
batteries  has  been  placed  in  the  tables,  but  here, 
again,  merely  an  indication  is  given,  for  no  real  com- 
parison of  defensive  power  can  be  made,  until  the 
amount  of  area  protected  and  the  total  weight  assigned 
to  protection  are  accurately  known.  Turning  to  gun 
power,  instead  of  enumerating  the  guns,  the  weight 
of  broadside  has  been  substituted.  This,  however, 
should  be  supplemented,  not  only  by  the  range  and 
penetration  of  the  guns,  but  by  data  very  difficult 
to  obtain  respecting  the  supply  of  ammunition,   and 
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the  rate  of  aimed  fire  and  the  nature  of  the  protection 
afforded  to  each  character  of  ordnance. 

The  above  remarks  should  indicate  how  difficult 
it  is,  merely  by  means  of  statistical  tables,  to  arrive 
at  any  real  comparison  of  design  ;  the  point  aimed  at 
has  rather  been  to  show  the  line  of  relative  improve- 
ment and  the  tendency  to  advance  in  one  or  another 
quality  among  the  many  which  are  considered  desirable 
and  even  essential. 

GREAT     BRITAIN. 

Battleships. 


Name  and  Programme. 

Displace- 
ment. 

Coal 

Capacity 

Speed. 

C    Iweieht 
0           of 
E       Broad- 

<           Sldr. 

London 

(1898-1899) 

Duncan 

( 1 899-1900) 

Libertad 

( 1 899-1 900) 

Queen 

(1900-1901) 

King  Edward  VII. 
(1901-1902) 

tons. 
15,000 

14,000 

II,8oO 

15,000 

16,350 

tons. 
900 

knots. 
18.O 

19.O 

I9.O 

18.O 
18.5 

in.  I  lbs. 
12   | 

2,000 
900 

2,000 
800 

6 
11 

6 
10 

7 

6 

12 

7 

4,075 
3-487 

2,000 
900 

2,100 
950 

2,000 

4-747 

From  the  above  figures  it  is  shown  that  the  dis- 
placement of  our  battleships  is  gradually  increasing, 
and  with  it  an  increase  in  all  the  other  attributes 
of  the  ship.  The  contrast  between  the  displacement 
of  the  Libertad  and  the  other  British  ships  is  very 
striking,  but  it  will  be  seen  that  it  carries  with  it  a 
great  diminution  in  the  weight  of  broadside  and 
presumably  in  other  matters  not  so  apparent.  Com- 
paring the  weight  of  metal  thrown  on  one  broadside 
by  the  Libertad  and  the  King  Edward  VII.,  it  is  note- 
worthy that  if  we  subtract  from  both  ships  the  heaviest 
guns,  we  find  that  the  broadside  of  the  secondary 
battery  of  the  King  Edward,  consisting  of  two  9-2-in., 
five  6-in.,  and  seven  3-in.  guns,  gives  us  a  total 
of  1,347  lb.,  whereas  in  the  Libertad  the  secondary 
battery  of  seven  7  -5 -in.  and  seven  14-pounders,  gives 
1,4871b.,  a  difference  of  1401b.  against  the  King 
Edward,  and  this  difference  is  still  more  marked  if 
the  lighter  guns  on  both  sides  are  subtracted ;  then 
the  King  Edward  can  only  throw  760  lb.  of  metal 
to  1,400  from  the  Libertad. 

There  are  many  other  matters  in  connection  with 
a  comparison  between  the  Libertad  and  the  Admiralty 
designs  which  require  elucidation.  For  example,  an 
important  point  concerns  the  height  at  which  the 
7 -5 -in.  guns  of  the  Libertad  are  carried  above  water, 
and  the  possibility  of  their  use  in  a  heavy  seaway, 
the  length  of  these  guns,  and  particularly  of  that 
portion  of  the  chase  which  is  outside  the  vessel,  is 
considerably  more  than  is  the  case  with  the  6-in. 
guns  carried  in  English  ships.  Until,  therefore, 
this  ship  and  her  sister  have  been  tried  at  sea  under 
varying  conditions  some  uncertainty  will  exist  about 
their  powers  >>t  offence  in  certain  circumstances. 
Doubtless,  now  that  the  Admiralty  have  acquired 
these  vessels  they  will  seize  the  opportunity  to  test 
them  in  company   with  vessels  of  Governmenl  design. 

In    this    way    many    important   questions   which    have, 


at  times,  been  mooted  in  comparisons  made  between 
British  ships  and  ships  built  in  this  country  for  foreign 
Powers  may  be  settled. 

Armoured  Cruisers. 


i 

i_ 

Weight 

Name  and  Programme. 

Displace- 
ment. 

Coal     : 
Capacity 

Speed. 

£ 

< 

of 
Broad- 
side. 

tons. 

tons. 
800 

knots. 

in . 
6 

lbs. 

Cressy 

12,000 



21 .0 

— 

1,448 

.    ( 1 898-1 899) 

1,600 
800 

5 
5 

Kent 

9,800 



23.0 

962 

( 1 899-1900) 

1,600 
1,250 

4 
6 

Drake 

I4,IOO 



23.0 

— 

1,647 

(1900- 1 901) 

2,500 
800 

6 
6 

Devonshire 

iO',700 



22.25 

— 

975 

(1901-1902) 

1,600 
I.OOO 

6 
6 

Duke  of  Edinburgh 

13-550 



22.0 

— 

2,020 

(1 902- 1 903) 

2,500 

6 

As  between  the  Kent  and  the  Devonshire  the  addi- 
tional displacement  is  principally  devoted  to  increased 
protection,  the  difference  in  weight  of  broadside 
being  small.  On  the  other  hand  the  Duke  of  Edinburgh, 
with  a  slightly  less  displacement  than  the  Drake, 
has  increased  protection  given  to  the  ship  and  an 
increase  in  gun  power,  with  a  possible  loss  in  speed, 
although  it  is  hoped  that  the  result  on  trial  will  be 
better  than  that  estimated. 

As  a  result  of  the  recent  manoeuvres  we  have  been 
told  that  the  Admiralty  incline  to  a  policy  of  eliminating 
all  the  smaller  classes  of  cruisers,  retaining  the  heavy 
armoured  ships  of  which  the  Duke  of  Edinburgh  is 
the  latest  expression,  and  then  descending  to  the 
class  of  scouts  which  are  yet  under  construction. 
It  is  evident,  looking  at  the  above  tables,  that  greater 
gun  power  is  now  considered  a  desideratum. 

FRANCE. 

Battleships. 


£ 

Weight 

Name. 

Displace- 
ment. 

Coal 
Oapacih 

Spred. 

5 
S 

01 
Broad- 

knots. 

< 
in. 

side. 

tons. 

tons. 

lbs. 

820 

\2 

Jena 

12,052 

: 

18. c 

— 

(1807^1898) 

1  1,100 
820 

1 

1  2 

Su/frcn 

12,728 

1 

18.0 

— 

3,528 

(1 898- 1 899) 

:  1,150 
900 

5 
1-' 

Republique 

14,865 



18.0 

— 

3.892 

(1901-1002) 

1,850 
900 

6 
13 

Libert  c 

[4.937 



18.0 

— 

(1902-190-3) 

1,850 

6 

■ 

In  France  the  displacement  of  the  battleships  is- 
on  an  increase,  .md  without  any  corresponding  advance 
iu  the  other  elements,  with  the  exception  of  gun  power. 

Tile   I. ih,)/,    id, is:,  .ire  to    be  armed  \\  i-th  ten  7  -o  in.  guns, 

in  place  oi  the  eighteen  6'4-in.   which   the  Rtpubliqtu 
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will  carry,  and  an  addition  will  be  made  of  eight 
3'9-in.  The  disposition  of  the  guns  is  slightly  different, 
because,  instead  of  a  couple  of  6*4-in.  guns  in  each 
of  the  six  turrets,  one  76-in.  will  be  mounted,  in  each, 
while  four  others  of  the  same  calibre  will  be  in  case- 
mates. Thus  another  instance  is  given  of  the  little 
regard  which  is  paid  to  homogeneity  in  the  French 
fleet. 

Armoured  Cruisers. 


u 

Weight 

Name. 

Displace- 
ment. 

Coal 
Capacity 

Speed. 

Q 

| 

< 

ill. 

of 
Broad- 
side. 

tons. 

tons. 

knots. 

lbs. 

1,400 

6 

Jeanne  d'Arc 

11.329 



23.0 

— 

«43 

1896 

2.IOO 
1,020 

- 

Montcalm 

9.517 



21  .0 

— 

838 

(1 897- 1 898) 

1,600 
880 

4 

Kleber 

7,700 



21 .0 

3* 

657 

(1 898-1 899) 

1,200 
970 

7\ 

Marseillaise 

10,014 



21.0 

— 

869 

(1899- 1 900) 

I.590 
I.320 

6* 

5 

Victor  Hugo 

I2.550 



22.O 

— 

1.554 

(1901-1902) 

2,100 

Ernest  Ri'nan 

I3o<52 

2,300 

1,345 

(1902- 1 903) 

A>  compared  with  the  British  cruisers  the  French 
armoured  ships  show  an  approximation  in  point  of 
displacement  and  in  speed,  but  the  weight  of  broadside 
fire  of  the  latest  type  is  considerably  less  than  that 
of  the  Duke  of  Edinburgh  of  about  the  same  tonnage. 
This  is  owing  to  the  fact  that  the  British  vessels  carry 
six  9'2-in.  guns,  whereas  the  Ernest  R.'nan  is  onlv 
provided  with  two  guns  of  similar  calibre.  Nor  is 
the  balance  redressed  by  any  corresponding  increase 
in  the  number  of  guns  of  smaller  calibre. 

GERMANY. 

Battleships. 


Name. 

Displace- 
ment. 

Coal 

Capacity 

Speed. 

knots. 

0 
< 
in. 

Weight 

of 
Rroad- 
side. 

tons. 

tons. 

lbs. 

Wittelsbach 
(1898-1899) 

11,800 

700 

I.450 

18.0 

IO 

6 

-■777 

Braunschweig 

13,200 

7OO 

18.0 

10 

3.028 

(1900-1901) 

1,600 

5+ 

In  point  of  age  and  displacement,  the  Wittelsbach 
class  may  be  compared  with  the  Libertad,  but  the 
latter  ship  throws  a  heavier  weight  of  metal  owing 
to  her  being  provided  with  7-5-01.  guns  in  place  of 
5*9-in.  as  in  the  German  ship.  The  latter  also  will 
hardly  compare  in   point   of   speed   with    the   Chilian 


design.  In  Germany,  however,  the  same  tendency 
occurs  to  increase  displacement  and  armament,  even 
at  the  sacrifice  of  speed  and  protection. 

Armoured  Cruisers. 


v-                              Displace-       Coal        c,™h 
Name-                        ment.       Capacity    SPced- 

3 

: 
< 

Weight 

of 
Broad- 
side. 

tons.        tons,     knots. 
950 

Prinz  Heinrich       ..        8,930      20. 0 

(1897-1898)                                 1.500 

950 

Pr in:  Adalbert       ..        9,050      21.0 

(1900-1901)                                   1,500 

6 

6 

4 

lbs. 

I.5I3 
I,8l6 

Germany  has  not  yet  essayed  the  construction  of 
many  armoured  cruisers,  nor  have  those  in  hand  shown 
that  increase  in  displacement  which  is  to  be  found 
elsewhere.  But,  although  the  tonnage  of  the  three 
ships  of  the  Prinz  Adalbert  class  is  about  the  same  as 
that  of  the  British  Kent,  the  German  armament  works 
out  to  nearly  twice  the  weight  of  that  of  the  English 
vessel,  her  heaviest  guns  being  of  8-2-in.  calibre,  and 
those  of  the  second  size,  5-9-in.  instead  of  3-in.,  as  in 
the  English  ship.  This  increase  in  weight  of  broadside 
has  been  obtained  without  apparently  a  diminution 
of  protection,  but  probably  with  a  loss  in  speed. 

RUSSIA. 

Battleships. 


1_' 

Weight 

Xame. 

Displace- 
ment. 

Coal 
Capacity 

Speed. 

P 

of 
Bro  .d- 

< 

side. 

tons. 

tons. 
1,000 

knots. 

in. 

1 

lbs. 

Rettnsan 

12,700 



18 

— 

3.434 

(1897-1898) 

2,000 

5 

12 

Tavritchesky 

i2,;oo 

670 

18 

— 

3.676 

(1 897- 1 898) 

900 

1 1 

Tsarevitch 

. .      13,100 



18 

— 

3.516 

(1 898- 1 899) 

I.350 
1,2:0 

6J 
10 

Borodino 

13,600 



iS 

— 

3-516 

(1898-1899) 

2,000 

6 

Joann  Zlatoust 

12,500 

— 

18 

" 

4  12S 

Pavel  I.      .  . 

.      16,350 

— 

18 

— 

(1902-1903) 

According  to  the  most  recent  reports  about  the  new 
Russian  battleships,  those  which  are  to  be  built  in  the 
Baltic  will  be  very  similar  in  design  to  that  of  the 
Edward  VII.  class.  In  tonnage  and  in  speed  they  are 
apparently  to  be  alike,  but  no  trustworthy  particulars 
in  regard  to  armament  have  yet  come  to  hand.  Of  the 
vessels  to  be  built  in  the  Black  Sea,  they  are  apparently 
with  some  modifications,  similar  in  design  to  the 
Tavritchesky.  The  condition  of  service  of  the  vessels 
built  in  the  Black  Sea  doubtless  finds  expression  in 
the  design  chosen  for  those  ships.  If,  as  is  likely, 
the  British  Government  is  in  possession  of  the  design 
chosen  for  the  Imperalor  Pavel  I.,  it  may  be  that 
this  knowledge  had  its  effect  upon  the  decision  recently 
arrived  at  to  build  three  more  ships  of  the  King 
Edward  VII.  class. 
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Armoured  Cruisers. 


Name. 

Displace 
ment. 

Coal 
Capacity 

Speed. 

0 

s 

< 

Weight 

of 
Broad- 
side. 

Gromoboi 
(1897-1898) 

Bayan 

(1898-1899) 
New  Design 

(1903-1904) 

tons. 
12,336 

7,800 

tons. 
800 

2,500 
750 

1,100 

knots. 
20 

22 

in. 
6 

4| 

7 

3 

lbs. 
1,197* 

952 

*  Does  not  include  six  47-in.  guns  which  one 
authority  says  are  carried  but  which  others  omit. 

Particulars  of  the  design  of  the  new  armoured 
cruiser  which  Russia  is  reported  to  be  about  to  build 
in  the  Baltic  are  yet  wanting.  It  is  noteworthy, 
however,  of  the  Bayan,  that  on  a  displacement  some- 
what less  than  that  of  the  Kent,  an  armament  is 
carried  of  two  8-in.  guns  and  eight  6-in.  as  against 
the  fourteen  6-in.  in  the  English  ship.  The  Devonshire, 
a  modified  Kent,  carries  a  very  similar  armament  to 
the  Russian  cruiser. 

UNITED    STATES 

Battleships. 


£ 

Weight 

Name. 

Displace- 
ment. 

Coal 

Capacity 

Speed. 

0 

E 

of 
Broad- 

< 

side. 

tons. 

tons. 
1,000 

knots. 

in. 
12 

lbs. 

Maine 

12,300 



18.6 

— 

4,242 

(1898) 

2,000 
900 

6 
11 

New  Jersey 

14,948 

19.O 

— 

5-5*4 

(1899) 

1,900 
2,000 

6 
IO 

Connecticut 

16,000 

18.0 

— 

5.530 

(1902) 

2,200 
I.750 

7 
12 

Idaho 

13,000 

16.0 

— 

5.309 

(1903) 

2,000 
900 

10 
12 

Kansas 

16,000 



18.0 

— 

5.530 

(1903) 

2,200 

10 

The  discussion  upon  design  which  has  for  some  time 
been  carried  on  in  the  United  States  resulted,  as  is 
well  known,  in  two  types  being  chosen,  the  smaller 
of  which  may  be  said  to  take  the  place  of  the  larger 
armoured  cruisers  now  building  elsewhere.  Another 
subject  of  controversy  was  the  system  of  superposed 
turrets,  originally  tried  in  the  Kearsarge  class,  and 
reappearing  in  the  New  Jersey  ships.  Recently  it 
is  said  to  have  been  shown  that  the  turret  structures 
of  the  Kearsarge  and  Kentucky  are  weaker  than  is 
thought  to  be  entirely  satisfactory,  and,  as  a  result, 
the  similar  structures  of  the  New  Jersey  class  will  be 
strengthened.  But  it  is  in  point  of  weight  oi  broad- 
side that  the  American  ships  are  most  conspicuous. 
How  this  is  obtained  on  the  displacement  and  without 
loss  ol  speed  or  neglect  of  protection,  has  not  been 
explained.  Possibly,  an  investigation  and  comparison 
with  our  standards  of  the  elements  brought  together 
in  the  Libertad  may  throw  light  on  this  matter. 


Name. 

Displace- 
ment. 

Coal 
Capacity 

Speed. 

3 

0 
E 
< 

Weight 

ot 
Broad- 
side. 

Milwaukee 
(1900) 

California 
(1900) 

Tennessee 
(1902) 

tons. 
9,700 

13,680 

1,4500 

tons. 
650 

1,500 
900 

h  noh . 
22.0 

22.0 

22.0 

in. 

4 

4 
.  6 

5 
9 

5 

lbs. 

926 
1,826 

2,954 

2,000 
900 

2,000 

In  point  of  age,  the  Tennessee  class  compares  with 
the  British  Du^e  of  Edinburgh.  With  a  displacement 
one  thousand  tons  heavier  and  considerably  stronger 
protection  for  the  heavy  guns,  the  weight  of  broadside 
is  more  than  900  lb.  in  excess  of  that  thrown  by  the 
English  ship.  The  Tennessee  carries  four  10-in.  guns 
to  the  Du\e  of  Edinburgh's  six  9'2-in.,  but  the  dis- 
parity in  this  respect  is  made  up  by  an  additional 
six  6-in.  guns  in  the  United  States  cruiser  as  well 
as  twenty-two  3-in.  I  have  indicated  above  other 
points  for  comparison  with  foreign  vessels,  but  the 
gradual  progress  in  the  American  designs  is  clearly 
indicated  by  the  figures  in  this  table. 
JAPAN. 

Battleships. 
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1,100 

14 

Hatsuse 

15,000 

18.0 

— 

4,240 

(1896) 

1,400 
1,000  1 

6 
14 

Asahi 

15,200 

i   18.0 

— 

4,240 

(1896) 

1,400  1 
700 

6 

14 

Mikasa 

15,200 

— —      18.0 

4.225 

(1897) 

1,500 

6 

It  is  unnecessary  to  add  to  the  information  afforded 
above.  We  are  told  that  a  new  programme  is  in 
course  of  consideration,  if,  indeed,  it  is  not  already 
settled,  and  we  may  be  sure  that  the  Japanese  will 
not  fail  to  take  advantage  of  all  that  has  been  learnt 
by  other  countries. 

Armoured  Cruisers. 
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Azuma 
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The  Outlook. 

By  the  time  these  lines  are  in  print  the  shipbuilding 
returns  of  the  year  will  have  been  completed.  But 
while  we  write  the  figures  are  not  available,  so  comment 
on  the  business  of  the  past  year  must  be  deferred 
until  next  month.  From  the  returns  we  have  received 
up  to  the  end  of  November  it  seems  evident  that 
the  output  of  the  shipyards  in  1903  will  prove  to 
have  been  considerably  short  of  that  of  1902,  by. 
we  should  say,  not  less  than  100,000  tons.  Perhaps 
even  as  much  as  200,000  tons,  inasmuch  as  the  Scotch 
record,  up  to  the  end  of  November,  was  88,500  tons 
short  of  the  corresponding  eleven  months.  And 
Scotland  all  last  year  was  much  busier  than  the  other 
shipbuilding  centres.  Latterly,  however,  it  did  seem 
as  if  more  new  contracts  (and  they  are  not  very 
numerous,  after  all)  have  been  booked  on  the  North- 
East  of  England  than  by  the  Scotch  shipbuilders. 
But  it  is  noteworthy  that  many  of  the  Scotch  ship- 
builders do  not  report  the  contracts  they  receive 
for  small  craft,  which  go  to  swell  the  year's  tonnage 
without  appearing  in  the  monthly  reports  of  orders 
booked.  Thus  it  is  that  the  year's  total  usually 
comes  out  above  the  estimates.  Again,  Lloyds'  official 
returns  of  the  vessels  "  under  construction  "  may 
include  a  lot  of  the  same  tonnage  in  the  reports  of 
two  years.  There  are,  for  instance,  cases  of  vessels 
launched  in  1902  which  might  have  been  completed 
and  sent  to  sea  in  that  year,  but  which  have  been 
laid  up,  unfinished,  in  builders'  hands.  Such  vessels 
will  appear  in  the  tonnage  "  under  construction  " 
in  both  years,  though  not  in  the  builders'  returns  of 
launches. 

Expected  Orders  Diverted. 

The  year  1904.  then,  opens  with  no  great  promise 
in  the  shipbuilding  world.  Some  of  the  large  yards 
specially  equipped  for  the  building  of  large  liners 
and  warships  will  be  tolerably  well  off  for  work  for  some 
months  to  come,  even  if  they  book  no  new  contracts, 
but  even  with  them  there  is  the  disappointment 
caused  by  the  decision  of  the  Admiraltv  to  build 
the  three  battleships  of  the  1903  Naval  Programme 
in  the  Dockyards,  instead  of  by  contract  as  originallv 
intended.  Thus,  three  yards  are  deprived  of  expected 
orders.  However,  three  other  ships  which  were 
to  have  been  laid  down  in  the  dockyards  in  1004 
will,  in  place  of  them,  be  given  out  to  contract,  the 
present  change  having  been  made  to  keep  the  staff 
of  the  Dockyards  together  and  well  engaged.  The 
ordinary  yards  given  up  to  the  production  of  cargo  . 
boats  and  smaller  craft  will  be  poorly  emploved, 
and  it  is  to  be  feared  that  some  of  them  will  have  to 
be  closed  altogether  if  there  is  not  an  access  of  new 
orders  soon.  And  of  that  there  is  not  much  proba- 
bility in  the  state  of  the  freight  market  and  the  growing 


depression  in  general  trade.  But  one  can  never  tell. 
A  political  turn-up  in  the  Far  East  or  in  South  America 
may  cause  a  sudden  demand  for  shipping.  There 
are,  happily,  no  symptoms  of  labour  disturbances 
at  the  opening  of  the  year.  The  men  in  the  East 
Coast  shipyards  seem  to  have  made  a  virtue  of  necessity 
and  accepted  the  reductions  of  five  per  cent,  asked 
by  the  employers  last  month,  and  the  men  in  the 
marine  engine  shops  now  forbear  to  press  for  an  advance 
in  view  of  the  slackness  in  other  branches  of  engineering 
in  which,  a  while  ago,  they  had  opportunity  of  alterna- 
tive employment. 

Shipbuilding  Costs. 

Shipbuilding  costs  are,  of  course,  down  a  good  deal 
as  compared  with  the  beginning  of  last  year.  Steel 
ship  plates  have  been  reduced  to  £$  10s.  in  the 
North  of  England  and  in  Scotland,  and  angles  are 
down  to  £5  to  £'5  7s.  6d.  With  cheap  pig  iron  (and  hema- 
tite is  lower  proportionally  than  ordinary  iron),  and 
with  the  probability  of  American  and  German  plates 
being  soon  on  offer,  the  prospect  is  rather  of  cheaper 
shipbuilding,  yet  somehow  shipowners  do  not  look 
so  much  for  lower  costs,  which  they  admit  to  be  low 
already,  as  to  better  prospective  employment  for 
their  vessels.  Steamers  of  large  size  have  recently  been 
contracted  for  at  as  low  as  £5  12s.  6d.  per  ton  dead- 
weight, a  price  on  which  the  builders  can  have  no 
margin.  It  is  probable,  however,  that  there  will 
be  some  run  on  turbine  steamers  this  year.  The 
example  set  by  the  Allan  line  (whose  second  turbine 
boat  is  to  be  built  by  Messrs.  Alexander  Stephen  and 
Sons,  Ltd.,  Linthouse,  Glasgow,  as  a  sister  ship  to 
the  one  being  built  bv  Messrs.  Workman,  Clark  and 
Co.,  Belfast),  will  doubtless  be  followed.  Indeed, 
during  the  last  month  of  1003  Messrs.  Wm.  Denny 
and  Bros.,  of  Dumbarton,  had  on  hand  contracts  for 
five  large  turbine  steamers  for  the  Colonies. 

Increase  of  Maritime  Disasters. 

The  past  vear  has  been  a  pretty  severe  one  upon 
underwriters,  not  only  in  this  country  but  also  in 
France  and  Germany.  Indeed,  so  much  insurance 
has  been  transferred  to  this  country  of  late  that  it 
almost  looks  as  if  French  and  German  underwriters 
were  scared.  The  Bureau  Veritas  have  published  a  list  of 
maritime  disasters  reported  during  the  month  of  October 
concerning  all  flags.  Of  sailing  vessels  reported  lost, 
there  were  11  American.  1  Argentine,  2  Brazilian, 
33  British,  5  Danish.  2  Dutch.  5  French,  3  German, 
3  Italian,  19  Norwegian,  1  Portuguese,  4  Russian, 
1  Spanish,  12  Swedish,  3  Turkish — total  105.  Of 
steamers  reported  lost  there  were  2  American,  2 
Austrian.  17  British,  1  Chilian,  1  German,  5  Italian, 
1  Japanese,  3  Norwegian,  1  Swedish — total  33.  The 
St.  Lawrence  season,  which  closed  at  end  of  November 


(73) 


74 


Page's   Magazine. 


.ast,  was  open  in  1902  to  December  8th.  In  1903 
the  casualities  were  numerous  in  spite  of  the  improve- 
ments in  the  channel  which  the  Canadian  Government 
have  effected.  There  were  fifteen  accidents  there 
altogether,  and  two  of  the  vessels — the  Monterov  and 
the  Topaz — became  total  wrecks.  In  1902  there 
were  eleven  casualities,  with  no  total  losses,  and  in 
1901  there  were  five  strandings,  also  without  total 
losses.  In  1900  the  casualties  numbered  five,  and 
only  four  of  the  boats  were  salved.  Thus,  1903 
was  a  good  deal  worse  than  its  two  immediate  prede- 
cessors, while  it  must  also  have  been  worse,  from  a 
monetary  point  of  view,  than  the  three  years  pre- 
ceding 1 90 1. 

The  Baltic. 

The   launch   of   the   largest    ship   in    the    world  by 
Messrs.    Harland    and    Wolff,    Ltd.,    Belfast,    for    the 
White  Star  Line  of  the  Morgan  Combine,  was  briefly 
alluded  to  in  the  December  number  of  Page's  Magazine. 
The  Baltic,   as  she  is  named,  is  not  only  the  largest, 
but  is  also,  in  many  respects,  the    finest  vessel  afloat. 
The  new  vessel  will  have  accommodation  on  the  same 
lines   as    the    Celtic    and    the   Cedric,    but    more   com- 
modious.    The     general     arrangement    is    similar     to 
these   vessels,    a   continuous   shade-deck   running   fore 
and   aft,    with   three   tiers   of   deck   houses   and    two 
promenade   decks   above.     On    the   upper   promenade 
deck    is    the    first-class    smoking-room     and     library, 
and    the   two   houses   below   contain    the   deck   state- 
rooms.    The  first-class  dining  saloon  is  on  the  upper 
deck,   and  all  the  first-class  accommodation  is  amid- 
ships.    Immediately  abaft  the  first-class  is  the  second- 
class  accommodation,  and  also  a  comfortable  smoking- 
room    and    library    for    this    class.     The    third-class 
passengers    are   provided    for   abaft    the   second-class, 
and  to  a  limited  extent  at  the  fore  end  of  the  vessel. 
A   great   feature  in   this   accommodation   is  the   large 
number  of  state-rooms  of  two,  three  and  four  berths, 
and    the   commodious   and   comfortable   dining-rooms. 
There   is    accommodation    for   nearly    three    thousand 
passengers,  besides  quarters  for  a  crew  of  about  three 
hundred   and  fifty.     The  decorations  are  artistic  and 
the     appointments     handsome     and     luxurious.        In 
addition   to  the  ordinary  state-rooms,  there  are  suits 
of    bed,     sitting    and    bath-rooms,     also    single-berth 
state-rooms.     As  in   the  other  large  steamers  of  this 
type,  one  of  the  most  notable  features  in  the  Baltic 
is  the  grand  dining  saloon,  situated  on  the  upper  deck, 
and    extending    the   full  width   of    the   ship,  75  ft.     It 
contains  seating  accommodation  for  three  hundred  and 
seventy    people.     The    first-class    smoking-room    and 
library  are  also  fine  apartments,  and  the  second-class 
public     rooms     are     elegant     and     comfortable.     The 
beating  and  ventilating  arrangements  of  the  ship  are 
most    complete,    and    the   Baltic    will    be    fitted    with 
winches   and   other  loading  and   discharging   arrange- 
ments of  the  latest  and  most  efficient  type.     There  will 
be    large   refrigerating    chambers    for   the    carriage   of 
chilled    beef,    the   machines    for   working    these    being 
on    the    C02   method.      The  engines  are  arranged  on 
the    "  balanced  "     principle,    which    practically    does 
away    with    vibration.     The    twin    engines    and    twin 
screws  afford   another  element   of  safety   to   the  ship 
and  passengers,  and  the  possibility  of  danger  is  reduced 
to   a   minimum.     The   Baltic   is    to    be   ready   for   the 
summer  service  of  the  White  Star  Line. 

Shipbuilding  Ancient  and  Modern. 
Mr.  John  Ward,  K.S.A.,  in  bis  remarkably  complete 

book,  "  Greek   Coins  and  Their   Parent    Cities,"*  bag   .111 
*  Published  by  John  Murray.     25s.  net. 


interesting  reference  to  the  shipbuilding  of  the  Ancients, 
as  contrasted  with  the  products  of  our  modern  yards. 
"  There  is,"  he  says,  "a  description  of  the  wonderful 
ship  built  by  Archimedes  in  the  pages  of  Atheraeus,  an 
historian  or  anecdote-monger  of  Naucratis.  This  ship 
was  so  large  that,  like  the  Great  Eastern  of  modern  times, 
she  '  stuck  '  when  they  tried  to  launch  her.  Whereupon 
Archimedes  devised  his  screw,  used  it  as  a  means  of  pro- 
pulsion, and  launched  the  huge  vessel  easily.  But  the 
strain  had  made  the  big  ship  leak,  and  she  became 
water-logged.  Another  development  of  his  wondrous 
screw,  and  she  was  quickly  pumped  dry,  and  the  leaks, 
no  doubt,  were  caulked  securely.  This  ship  had  real 
gardens  of  great  extent,  a  wrestling  ground,  rooms  full 
of  pictures  and  statuary,  floors  of  tesselated  marble 
decorated  with  subjects  from  Homer.  It  possessed 
barracks  for  soldiers  and  stabling  for  cavalry,  and 
carried,  besides  an  enormous  cargo  of  grain,  eight 
fortified  towers.  When  it  was  completed  there  was 
no  harbour  in  Sicily  fit  to  hold  it,  and  so  Hieron 
made  a  present  of  the  costly  toy  to  Ptolemy  Philadelphus 
of  Egypt.  We,  unfortunately,  do  not  know  its  measure- 
ments, but  it  must  have  been  a  monster,  and  was  the 
greatest  ship  the  world  had  ever  seen.  Ptolemy  had 
also  built  a  great  vessel,  of  which  we  have  measure- 
ments, but  the  Syracusan  ship  eclipsed  it.  Ptolemy's 
ship  was  425  feet  long  and  60  feet  beam,  72  feet 
deep,  and  seems  to  have  been  a  vessel  of  war  ;  while 
Hieron's  was  intended  to  carry  grain — there  was  a 
famine  in  Egypt,  and  he  sent  the  ship,  full  of  grain,  to 
Alexandria. 

It  is  worth  noting  the  size  of  the  Celtic,  the  greatest 
ship  of  our  time,  built  in  Belfast  in  1901.*  Its  designer, 
the  Right  Hon.  W.  J.  Pirrie,  LL.D.,  has  given  me  the 
following  particulars  :  Length,  700  feet  ;  breadth, 
75  feet ;  depth.  49  feet.  The  '  displacement,'  when  at 
full  load  draught,  is  37,700  tons.  Messrs.  Harland  and 
Wolff  have  not  as  yet  introduced  gardens,  statuary,  or 
wrestling  grounds,  into  their  vessels,  but,  no  doubt,  those 
may  come  in  time." 

Palmer  Shipbuilding-  Yard. 

The  ever-increasing  dimensions  of  modern  vessels 
have  necessitated  corresponding  changes  in  the  ship 
yards. 

The  Palmer-Shipbuildingand  Iron  Company  have  lately 
completed  the  work  of  lengthening  their  berths.  They 
have  rearranged  their  engine-shops,  thus  enabling^them 
to  add  the  space  hitherto  occupied  by  the  machine-shop 
to  the  shipyard,  while  new  shops  for  joiners  and  cabinet 
makers  have  replaced  the  buildings  destroyed  by  fir 
These  will  rank  among  the  finest  in  the  world. 

The  building,  which  is  in  three  storeys,  has  a  length  of 
196  ft.,  the  sawpit  underneath  being  70ft.  long,  68  ft. 
wide,  and  10  ft.  deep.  A  new  and  spacious  erecting  shop 
has  been  constructed,  with  every  facility  for  dealing  with 
an  increased  volume  of  work. 

The  Armadale  Castle. 

The  Union  Castle  Liner  Armadale  Castle,  one  of  the 

largest  mail  steamers  built  on  the  Clyde,  recently  sailed 
on  her  first  voyage  to  South  Africa,  having  compkted 
a    series   of    satisfactory  speed    trials.     The    new    vessel 

possesses  a  gross  tonnage  of  12,973  :  'KT  horse-power  is 
12,500;  and  her  speed  will  be  some  1 7  knots,  although 
she  is  capable  of  doing  more  ;  while  the  vessel  has  been 
Very  luxuriously  fitted,  BO  thai  first^ClaSS  passengers  <)/ 
route  for  South  Africa  may  lack  no  material  comfort. 
Thorough  provision  has  also  been  made  for  the  needs  ol 
second  and  third-class  passengers. 

The  Kenilworth    Castle,    a    sister    ship    to    the    Arma- 
dale, is  being  built  by  Messrs.  Harland  and  YVoltf . 


•This  designation  was  correct  when  the  volume  tirst  appeared 
bolda  the  record.— Kd, 


ELECTRICAL  AFFAIRS. 
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An  Electrical  Method  of  Straightening  Wire. 

Amongst  the  various  ingenious  temporary  expedients 
which  the  writer  has  seen  employed  in  electrical  works 
he  calls  to  mind  a  method  of  straightening  badly  kinked 
wire  which  is  probably  unique.  Some  old  armature  wire 
had  been  thrown  on  one  side  as  only  fit  for  the  scrap-bin, 
but  it  happened  to  be  just  the  gauge  required  for  a 
particular  purpose  in  the  test-room.  The  following 
method  was  therefore  adoDted  to  straighten  it  :  One  end 
was  attached  to  a  wooden  bench  and  the  other  fastened 
to  a  stout  piece  of  wood  which  was  held  by  an  assistant. 
A  large  current  was  then  sent  momentarily  through  the 
wire  from  a  set  of  accumulators  and  at  the  same  moment 
the  assistant  gave  it  a  good  sharp  pull,  the  result  being 
a  beautifully  straight  piece  of  wire.  It  was  no  doubt 
reduced  in  diameter,  but  so  slightly  as  to  be  practically 
immeasurable. 

Reducing  Size  of  Copper  Wire. 

There  is  just  a  possibility  that  the  above  method  could 
be  employed  for  reducing  the  gauge  of  copper  wire, 
because  whatever  change  takes  place  in  the  diameter  will 
be  equal  right  through  the  full  length  of  wire.  In  case 
anyone  thinks  of  patenting  the  idea,  the  writer  may  say 
it  was  employed  at  the  Electric  Construction  Company 
quite  six  years  ago. 

It  may  be  mentioned  that  it  is  a  very  real  convenience 
to  be  able  to  reduce  the  gauge  of  wire  occasionally.  In 
large  dynamo  manufacture,  for  example,  it  often  happens 
that  in  the  larger  gauges  of  shunt  wire  the  proper 
diameter  to  give  the  requisite  number  of  ampere  turns 
comes  between  two  standard  gauges.  The  usual  course 
under  these  circumstances  is  to  wind  the  coil  with  two 
sizes,  that  is  the  next  sizes  larger  and  smaller,  propor- 
tioning the  turns  of  each  for  the  required  resistance. 
There  is  an  obvious  objection  to  this  in  that  the  joint  in 
the  interior  of  the  coil  is  a  possible  source  of  trouble,  and 
it  is  also  so  easy  for  the  winder  to  put  on  an  incorrect 
number  of  turns. 

Waste  of  Copper  Wire  in  Electrical  Factories. 

Amongst  the  other  economies  which  might  be  effected 
in  a  dynamo  manufacturing  works  is  the  using  up  of  old 
material,  such  as  armature  and  transformer  iron,  and 
particularly  copper  wire,  etc.  The  latter  is  always  a 
source  of  great  loss  ;  for  example  a  field  coil  will  be 
wound,  and  after  being  varnished  and  dried,  the  cotton 
covering  breaks  down  under  test.  I  have  actually  seen 
such  wire  carelessly  unwound,  quite  spoiling  it  for  use 
again  and  put  in  the  copper  scrap-bin.  As  it  cost  probably 
over  a  is.  a  pound,  and  as  scrap  only  fetched  3d.  a  pound 
there  was  naturally  an  enormous  loss  at  the' end  of  the 
year.  Nowadays,  of  course,  such  wire  will,  in  many 
cases,  be  carefully  unwound,  stripped  of  its  insulation, 
and  then  re-covered.  Every  dynamo  works  worth  the 
name  should  have  a  stripping  and  cotton  covering 
machine. 

Magnetic  Steel  Stampings. 

The  using  over  again  of  mild  steel  stampings  for 
armatures,  transformers,  etc.,  is  not  easilv  dealt  with, 
because  the  design  of  dynamo  machines  changes  so 
rapidly.  Now  that  sizes  are  becoming  more  standardised, 
however,  it  may  be  possible  to  arrange  to  use  such 
stampings  over  again,  after  they  have  been  well  annealed. 

In  the  case  of  static  transformers,  it  is  recognised  that 
after  a  few  years  it  pays  to  dismantle  the  transformer 
core,  and  careiully  anneal  the  stampings  so  as  to  bring 
them  back  to  their  original  hysteretic  state.  For,  what- 
ever statements  transformer'  manufacturers  and    other 


may  put  forward  as  to  iron  being  obtainable  which  will 
not  show  ageing  loss,  it  is  a  moral  certainty  that  every 
transformer  must  deteriorate  in  time.  Of  course,  some 
iron  goes  off  more  rapidly  than  others  ;  in  fact,  there 
seems  to  be  much  uncertainty  about  the  whole  question 
of  magnetic  steel  or  iron. 

It  seems  to  the  writer  that  this  and  other  similar  in- 
vestigations should  be  undertaken  by  the  Institution  of 
Electrical  Engineers.  Such  activity  would  be  more  in 
keeping  with  the  Institution  than  aping  at  Trades 
Unionism  by  circularising  Town  Clerks  on  questions  of 
what  is  and  is  not  etiquette. 

Wanted  a  New  Steel. 

It  is  a  well-known  fact  in  the  building  trades  that 
certain  kinds  of  stone  have  the  valuable  property  of  being 
easily  worked  when  freshly  quarried,  and  which  become 
quite  hard  after  they  have  weathered  some  time.  Other 
natural  materials,  such  as  slate  for  example,  appear  to- 
possess  something  o  this  property,  and  the  writer  is  notr 
sure  that  it  cannot  be  traced  to  the  metals  present  in  the 
material.  Now  why  should  not  steel  or  metals  of  similaF 
nature  be  invented  which  would  be  capable  of  being 
easily  worked,  but  which  would  improve  in  strength  and 
rigidity  after  having  been  exposed  to  air  or  water,  or  say 
by  being  temporarily  enclosed  in  the  fumes  of  certain 
gases  ? 

The     Electrically  Driven  "  Centrifugal  Pump. 

The  development  of  the  design  and  rise  of  the 
centrifugal  pump  to  its  present  position  01  importance  has 
synchronised  almost  exactly  with  the  rise  of  the  electric 
motor,  and  it  is  interesting  to  note  that  they  are  both 
simple  rotative  pieces  of  mechanism,  and  essentially  built 
for  operation  at  high  speed. 

When  coupled  together  the  two  make  an  exceedingly 
neat  unit  taking  up  little  space  for  the  power  developed  and 
requiring  practically  no  attention.  At  the  same  time  the 
possibilities  of  the  electrically  driven  centrifugal  pump  do 
not  seem  to  be  fully  appreciated,  as  is  shown,  for  example, 
by  the  employment  of  ram  pumps  where  centrifugals, 
working  in  series,  would  do  quite  as  well  and  be  much 
cheaper. 

Without  encroaching  on  high  lift  work,  there  is  a  wide 
field  for  the  centrifugal  pump  in  low  lifts,  such  as  empty- 
ing snags,  filling  reservoirs,  moving  circulating  water, 
sewage  pumping,  unwatering  docks,  etc. 

Lowering  Loans  on  an  Electric  Crane. 

In  the  three-motor  electric  crane,  where  the  load 
is  lowered  on  the  mechanical  brake,  a  somewhat 
complicated  piece  of  mechanism  is  required  to  connect 
between  the  moving  crab  and  the  handle  in  the 
attendant's  cage. 

This  can  be  avoided  if  the  regenerative  idea 
is  applied  and  the  connections  so  arranged  that  the 
motor  can  run  temporarily  as  a  dynamo,  the  current 
generated  when  lowering  being  dissipated  by  means  of 
resistances.  With  a  three-phase  motor  the  idea  is 
similar  to  that  on  three-phase  mountain  railwavs  in 
Switzerland.  In  applying  the  idea  to  a  continuous 
current  series  motor,  the  connections  are  rather  more 
complicated,  but  judging  by  the  results  obtained  by 
the  Schnckert  Company^  the  system  works  perfectly. 

One  advantage  of  this  electrical  method  of  lowering 
is  that  the  movement  of  the  load  can  be  adjusted 
with  very  great  nicety,  whereas  when  lowering  is 
effected  on  the  mechanical  brake  there  is  great  danger 
ot  the  load  being  lowered  jerkily,  and  it  is  not  nearly 
so  safe. 
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American  Methods  in  the  Steel  Trade. 

In  the  course  of  an  excellent  paper  contributed  to  the 
West  of  Scotland  Iron  and  Steel  Institute,  Mr.  H.  G. 
Waddie  pointed  out  what  he  considered  to  be  the  real 
difference  between  the  management  of  American  Steel 
Mills  and  the  British  method. 

The  centra]  idea  of  American  mill  practice  was  to  get 
the  largest  possible  output  with  the  smallest  pay-roll  ; 
and  to  attain  this  object  all  available  labour-saving 
appliances  were  introduced,  and  continuous  working, 
with  the  aid,  where  possible,  of  continuous  furnaces,  had 
brought  this  system  of  working  to  a  stage  of  comparative 
perfection.  Wherever  the  movement  of  the  material 
through  the  mill  was  independent  of  physical  effort,  it 
was  obvious  that  more  work  would  be  accomplished,  as 
the  continuous  flow  of  material  from  one  department  to 
the  other  was  only  dependent  on  the  furnace  capacity. 
The  successful  introduction  of  labour-saving  methods 
was  dependent  as  much  on  the  quality  of  labour  em- 
ployed as  it  was  on  the  capital  invested. 

The  prominence  given  to  young  men  in  the  States  was 
a  matter  of  surprise  to  many,  but  he  saw  no  reason  for 
preference  being  shown  to  the  older  men  irrespective  of 
ability,  and  he  feared  this  was  found  the  case  in  British 
practice.  Why,  he  asked,  should  they  stick  to  the 
apprenticeship  system  at  home  ? 

Of  what  use  was  it  to  talk  about  bursaries  and  aids  to 
pushing  boys  if  they  were  to  be  forced  to  work  for  next 
to  nothing  during  the  period  when  they  ought  to  be 
gaining  a  knowledge  of  their  own  value  and  acquiring 
that  spirit  of  independence  which  is  the  feature  of  the 
American  boy  ? 

The  subject  of  cheap  production  of  iron  and  steel  in 
the  United  States  was  not  entirely  due,  in  his  opinion,  to 
any  great  advance  in  plant  or  machinery,  but  rather  to 
exceptionally  cheap  raw  material,  transportation,  and  the 
extensive  scale  on  which  operations  were  conducted. 

Among  other  points  mentioned  by  Mr.  Waddie  were, 
the  greater  remuneration  ottered  in  the  States  lor  go.  id 
executive  ability.  Longer  hours  were  worked,  and  the 
number  o!  Ordinary  or  unskilled  labourers  was  not  worth 
mentioning.  Another  feature  of  the  American  method 
was  the  distribution  of  the  mills  over  a  wider  area  of 
ground,  while  at   home   they   were    usually   handicapped 


by  the  dimensions  of  the  land  at  their  disposal.  The 
American  mill  was  put  down  to  make  certain  sections, 
and  there  was  no  endeavour  to  tackle  every  kind  of  steel 
order  that  might  be  offered.  Again,  wherever  one  went, 
most  noticeable  to  the  unaccustomed  British  ear  in  the 
mills,  was  the  hum  of  the  various  motors  at  work  all 
over  the  place,  and  why  this  power  had  taken  so  long  to 
obtain  a  hold  in  the  home  works  was  a  mystery. 

I 

Some  Criticisms. 

Mr.  Waddie's  paper  gave  rise  to  such  an  interesting 
discussion  that  we  think  no  apology  will  be  necessary 
if  we  devote  some  further  space  to  the  subject. 

Mr.  James  Crawford  remarked  that  with  regard  to 
machinery,  and  the  American  methods  of  working  the 
same,  described  by  Mr.  Waddie,  these  were  the  elaborate 
appliances  for  carrying  the  material  direct  from  the  iron 
beds  to  the  steel  works,  and  turning  out  the  finished 
article  in  the  way  of  rails,  plates,  etc.,  all  of  which,  they 
were  led  to  believe,  was  done  by  the  magic  wand  of  the 
switch.  He  thought  that  when  put  in  a  technical  way  this 
read  very  nicely,  but  in  actual  practice  it  did  not  work 
out  to  give  the  best  results.  Anyone  knew  perfectly  well 
that  in  taking  iron  direct  from  the  blast  furnace  there  w  is 
not  only  the  saving  of  labour  to  be  considered,  but  they 
had  to  know  if  the  iron  was  of  the  right  quality  as  regards 
alloys  before  they  could  get  the  best  results.  For 
instance,  they  might  be  saving  6d  on  one  hand  and 
losing  is.  6d.  on  the  other;  the  latter  due  to  waste  and 
defective  material. 

By  the  American  methods  of  working  great  economies 
were  claimed.  Say,  in  producing  500  tons  per  day,  .1 
saving  of  4s.  to  5s.  per  ton  would  be  effected.  But  if 
they  took  into  account  this  supposed  saving,  and  saw 
what  it  came  to  per  annum,  they  would  find  that  the 
American  works  should  be  able  to  pay  30  or  40  per  cent . 
even  il  thev  only  saved  the  money  which  they  saved  by 
labour  ;  this  without  considering  other  conditions,  such 
as  tariffs,  etc.     He  had  worked  both  practices,  and,  to  his 

mind,  the  American  figures  given  for  saving  would  not 
bear  investigation. 

He  did  not  wish  them  to  imagine  that  he  was  not  in 
favour    of     economies,     because     improvements     would 
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undoubtedly  go  on,  but  it  was  quite  a  different^ thing  to 
adopt  seeming  improvements  which  were  injurious  to 
themselves.  Besides  they  had  to  remember  that  a  great 
number  of  the  American  methods  adopted  in  this  country 
had  not  proved  successful. 

Mr.  J.  Hamilton  opined  that  there  was  a  good  deal  of 
work  done  in  this  country  by  hand  labour  that  ought  to 
be  done  by  machinery,  and  by  the  employment  of  the 
latter,  he  thought  they  would  have  very  much  better 
outputs.  Everything  that  was  reasonable  in  the  way  of 
improved  machinery  he  thought  they  ought  to  adopt. 

Talkers  and  Workers. 

Mr.  H.  Humby,  in  the  course  of  his  contribution  to  the 
discussion,  said  that  according  to  American  talkers  —  the 
workers  know  better— blast-furnace  working  was  simplv 
a  question  of  putting  in  so  many  tons  of  air  at  the  bottom 
of  the  furnace  and  so  many  tons  of  ore  and  fuel  at  the  top 
and  nothing  more  was  required.  That  was  the  style  of 
the  American  articles  that  came  to  them  from  the  other 
side  ;  and  unfortunately  they  sometimes  believed  them. 
The  fact  was  that  in  America,  or  rather,  at  Pittsburg  and 
its  neighbourhood,  with  the  magnificent  Connellsville 
coke  and  Lake  Superior  ore,  conditions  were  favourable 
for  getting  enormous  outputs  ;  and  the  stipulations  as  to 
quality  were  not  so  stringent  as  with  us.  When  these 
furnaces  were  copied  here  and  they  tried  to  make  a  very 
good  pig  iron  out  of  very  indifferent  materials,  the  result 
was  not  altogether  satisfactory  to  those  who  provided 
capital  for  the  experiment. 

Mr.  P.  N.  Cunningham  said  that  the  Americans  were 
undoubtedly  able  by  electrical  appliances  and  devices  to 
handle  large  quantities  of  materials  quickly.  The  ap- 
plication of  electricity  was  being  looked  into  in  this 
country  very  strongly  ;  and  he  thought  that  this  went  to 
show  that  we  were  not  altogether  standing  still,  but  that 
radical  improvements  would  be  made  very  shortly  in  the 
iron  and  steel  business  in  this  countrv. 

In  regard  to  the  operation  of  mills  in  America,  he 
thought  that  they  had  greater  waste  in  working  material 
from  the  mills  than  we  have  here.  Some  vears  ago  a 
large  amount  of  scrap  was  sent  here  from  the  United 
States,  a  large  proportion  of  which,  he  considered,  was 
quite  capable  of  being  rolled  into  good  material. 

Mr.  \Y.  G.  Turnbull  thought  that  there  was  not  much 
future  for  water  power  in  Scotland,  especially  for  iron 
and  steel  works.  He  was  of  opinion  that  the  best  future 
for  the  manufacture  of  steel  was  in  blast  furnace  and 
steel  works  in  combination,  running  the  molten  metal 
direct  from  the  blast  furnace  to  the  steel-melting  furnaces, 
and  utilising  the  waste  gases  from  the  blast  furnaces  in 
gas  engines  for  not  only  blowing  purposes,  but  for  the 
distribution  of  electrical  power.  With  regard  to  Mr. 
Waddie's  remarks  about  the  apprentice  system,  he  thought 
that  there  was  now  a  feeling  amongst  many  of  the  leading 
engineers  that  an  apprenticeship  of  five  years  was 
unnecessarily  long,  and  many  of  the  best  employers 
were  now  making  arrangements  that  their  apprentices 
should  have  six  months'  practical  training  in  the  work- 
shop and  six  menths'  technical  training  at  college  during 
the  year  ;  in  other  words,  2\  years'  practical  and  2h  year? 
technical  training  during  the  apprenticeship,  which  he 


thought  would  be  an  improvement  on  the  preent  systems 
and  produce  a  much  better  class  of  managers. 

Open  Hearth  Basic  Steel. 

Before  the  same  Society  Mr.  G.  A.  Wilson  read  an 
interesting  paper  entitled  "Some  Practical  Hints  on  the 
Manufacture  of  Open-Hearth  Basic  Steel.-' 

Discussing  the  direct  or  hot-metal  processes,  he 
remarked  that  there  were  three  different  systems  at 
present  in  practice — namely,  the  Talbot  continuous 
process,  which  was  at  work  at  the  Frodingham  Iron  and 
Steel  Co.'s  works  (and  here  he  might  say  that  he  expected 
to  start  a  200-ton  furnace  at  their  place  in  the  first  week 
in  the  new  year)  :  the  Bertrand-Thiel  process,  at  the 
Earl  of  Dudley's  Round  Oak  works  ;  and  the  direct 
process,  in  operation  at  their  Clarence  and  Britannia 
works. 

It  was  possible  that  each  of  these  systems  might  have 
advocates  present,  who  would  advance  the  claims  of  the 
process  which  he  individually  favoured. 

In  his  opinion  the  direct  process  was  the  correct  one  ; 
and  he  thought  he  was  not  going  beyond  the  mark  in 
saying  that  steel  makers  who  wished  to  "  line  up,"  as  the 
Yankees  say,  would  have  to  adopt  it,  if  they  wanted  to- 
keep  abreast  of  the  times.  It  was  claimed  for  the  Talbot 
process  that  it  worked  very  well  at  Frodingham.  His- 
own  opinion  was  that  if  there  was  one  place  in  the 
country  where  there  was  a  chance  to  work  it  successfully 
it  was  at  Frodingham,  because  undoubtedly  they  had 
the  best  and  most  suitable  iron  to  deal  with. 

Taking  into  consideration  the  class  of  iron  they  had  in 
the  Cleveland  district,  and  from  the  information  he  had 
from  Round  Oak,  he  thought  the  Bertrand-Thiel  pro- 
cess was  a  very  good  one,  and  well  worth  the  considera- 
tion of  anyone  who  might  be  seriously  thinking  of 
adopting  any  of  the  direct  processes.  Personally,  he  had 
had  no  practical  experience  of  the  Talbot,  and  very  little 
of  the  Bertrand-Thiel  process. 

As  regards  their  own  direct  process  at  Middlesbrough^ 
he  was  pleased  to  say  that  they  were  doing  very  well.  At 
the  Britannia  works,  they  had  a  mixer  with  a  capacity  01 
350  tons,  and  at  the  Clarence  works  one  capable  of 
holding  about  250  tons.     Both  worked  bv  producer  gas. 

The  question  might  be  asked,  "  Why  a  mixer  ? "  Well, 
in  his  mind,  it  was  everything  ;  because  they  could  then 
guarantee  an  almost  uniform  class  of  metal  to  the  melting 
furnaces,  and  they  were  also  in  a  position  to  "  doctor  "  it 
in  the  mixer  if  they  happened  to  be  getting  a  'Tun-'  of 
inferior  metal  from  the  blast  furnaces 

The  metal  came  from  the  blast  furnace  in  15-ton 
ladles,  and  was  poured  into  the  mixer.  Oxide  of  iron 
and  limestone  were  charged  into  the  mixer  to  reduce  the 
silicon  in  the  metal  to  about  '8  per  cent.,  and  they  could 
also  deal  partly  with  the  sulphur. 

At  the  Clarence  works  the  metal  from  the  mixer  was 
then  poured  into  25-ton  ladles  ajid  taken  to  the  steel 
furnaces,  where  the  ladle  was  lifted  on  a  hydraulic  lift 
and  the  metal  poured  down  the  spout  into  the  furnace, 
which  had  been  previously  charged  with  ore  and  lime- 
stone sufficient  to  remove  most  of  the  silicon,  carbon  and 
phosphorus.  At  the  Britannia  works  the  only  difference 
was  that  they  brought  the  metal  from  the  mixer  with  the- 
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75-ton  overhead  electric  crane,  which  they  also  used  in 
the  casting  pit. 

The  metal  as  it  came  from  the  mixer  contained  about 
•8  per  cent,  of  silicon,  and  on  an  average  about  '15  of 
sulphur. 

British  Pig-  Iron  and  Bessemer  Steel  in  1903. 

The  British  Iron  Trade  Association  has  ascertained 
-that  the  production  of  pig  iron  in  the  United  Kingdom 
•during  the  first  half  of  1903  was  4,378.998  tons,  which  is 
an  increase  of  282,520  on  the  make  for  the  corresponding 
period  of  1902,  and  is  at  the  rate  of  8,757,996  tons  for  the 
12  months.  In  Scotland,  Durham,  and  the  North  Riding 
of  Yorkshire — the  Cleveland  district — there  is  a  material 
increase  on  the  output  of  the  corresponding  half  of  the 
previous  year.  In  South  Wales  and  in  West  Cumberland 
there  has  been  a  decrease,  and  in  Lancashire,  South 
Staffordshire,  Derbyshire,  Northamptonshire,  South  and 
West  Yorkshire,  Shropshire  and  North  Wales,  there  has 
been  an  advance. 

Statistics  which  have  been  included  by  the  association 
from  manufacturers  show  that  the  output  of  Bessemer 
steel  ingots  in  the  United  Kingdom  in  the  first  half  of 
1903,  amounted  to  911,670  tons,  which  compares  with 
888,378  tons  in  the  corresponding  six  months  of  1902. 
The  most  notable  changes,  as  between  the  two  periods, 
have  been  an  increase  of  35,784  tons  in  South  Wales, 
and  of  3,937  tons  in  the  Cleveland  district,  a  decrease  of 
25,823  tons  in  the  Sheffield  district,  and  an  increase  of 
12,548  tons  in  Staffordshire,  Shropshire,  etc. 

The  aggregate  production  of  pig  iron  throughout  the 
world  last  year  is  estimated  at  44,557,991  tons,  as 
compared  with  40,889,358  tons  in  1901,  showing  an 
increase  of  3,668,633  tons.  The  United  States  contributed 
18,003,448  tons,  as  compared  with  16,132,408  tons  in 
1901 — an  increase  of  1,871,040  tons. 

The  First  Blast  Furnace  in  South  Africa. 

The  African  World  announces  the  erection  of  the 
first  blast  furnace  in  Africa.  It  is  expected  to  be 
blown  in  about  February  next.  The  discovery  of 
workable  iron  ore  in  the  Lydenburg  district  of  the 
Transvaal  has  lately  been  eclipsed  by  the  location 
of  rich  iron  ore  deposits  within  a  radius  of  a  dozen 
miles  from  Pretoria.  A  furnace,  which  will  have 
a  capacity  of  500  tons  of  pig  iron  weekly,  is  now  being 
constructed,  and  in  addition  there  is  to  be  a  complete 
installation  of  rolling  mills  for  the  production  of  rails  and 
merchant  sections,  and  black  sheets  for  galvanising,  etc. 
A  steel-converting  plant  has  also  been  arranged  for.  It 
is  estimated  that  about  62,000,000  tons  of  iron  are  actually 
in  sight. 

Engineering  Standard  Committee  Tests. 

The  third  report  issued  by  the  Engineering  Standards 
Committee  is  by  Professor  \V.  C.  I'liwin,  and  deals  with 
the  Influence  of  Gauge  Length  and  Section  of  Test  Bar 
on  the  Percentage  of  Elongation. 

The  report  deals  with  the  variation  oi  percentage  oi 
elongation  with  different  gauge  lengths  and  sections  of 


test  bar.  It  is  based  almost  entirely  on  tests  of  steel  plate 
test  bars  supplied  by  Mr.  Colville,  of  the  Dalzell  Steel 
Works,  Motherwell,  N.B.,  and  by  Mr.  Dick,  of  the 
Paikgate  Steel  Works.  These  tests  cover  a  wide  range  of 
conditions,  and  no  such  complete  information  as  to 
variation  of  elongation  with  the  form  of  test  bar  has  been 
previously  available. 

High-speed  Tool  Steels. 

In  a  paper  on  high-speed  tool  steels,  contributed  by 
Mr.  G.  Borcherding  to  the  Mechanical  Engineers'  Asso- 
ciation of  the  Witwatersrand,  it  was  remarked  that 
the  production  of  the  modern  high-speed  steels  with 
their  wonderful  capabilities  was  the  outcome  of 
numerous  experiments  and  assiduous  labour  on  the 
part  of  Sheffield's  best  men — a  grand  testimony  that 
the  old  town  kept  apace  with  the  times,  and  meant 
to  maintain  the  first  place  amongst  the  steel  centres 
of  the  world. 

Doubtless,  most  of  the  gentlemen  present  would  already 
have  considered  the  question  that  in  the  near  future  it 
would  be  absolutely  necessary  to  increase  the  shop  engine 
power  to  meet  the  requirements  of  high-speed  cutting 
tools . 

In  fact,  machine  tool  makers  in  England  had  fully 
grasped  the  situation,  and  in  their  catalogues  already 
could  be  seen  lathes  with  what  appeared  at  first  sight 
an  abnormally  large  belt  pull,  and  where  the  electric 
motor  was  embodied  in  the  designs  motors  of  a  power 
apparently  out  of  all  proportion  were  fitted.  Lathes  of 
12  in.  centres,  fitted  with  6  h.p.  motors,  would,  he  thought, 
become  quite  common. 

The  general  effect  of  these  high-speed  steels  in  the 
immediate  future  would  be  towards  a  revolution  in  the 
design  of  machines  and  machine  tools  ;  not  only  must 
the  driving  power  be  increased,  but  the  saddle  and  slide- 
rests  must  be  stiffened  and  the  feed  be  gear-driven. 
Where  the  usual  practice  of  ^\  in.  and  T\  in.  feeds  now 
prevailed  there  would  be  |  in.  and  1%  in.  feeds. 

According  to  statements  made  from  various  sides,  the 
use  cf  high-speed  steels  had  already  made  it  possible  to 
decrease  the  cost  of  machine  building  from  25  to  33  per 
cent.  At  the  same  time,  with  the  demand  for  machines 
that  would  give  a  cutting  speed  of  at  least  100  ft.  per 
minute  with  a  greater  rate  of  feed,  there  was  going  to  be 
plenty  of  work  for  draughtsmen  and  pattern  makers,  and 
an  unlimited  supply  of  firewood  for  the  cupola  until  many 
of  the  patterns  cherished  at  present  were  replaced. 

The  State  Iron  Foundry  of  Japan. 

The  Financial  and  Economical  Annual  of  Japan  gives 
some  details  of  the  expenditure  for  1903-4  upon  the  State 
Iron  Foundry.     Since  the  establishment  of  the  foundry 

a  sum  of  about  15,000,000  yen  (£150,000)  has  been  dis- 
bursed, and  the  foundry  lias  commenced  the  manufacture 
Of  rails  on  a  pretty  large  scale.  The  enterprises,  how- 
ever, are  not  completed  as  yet,  and  in  view  of  the  probable 
great  increase  in  the  demand  for  iron,  along  with  the 
extension  of  railways  and  the  naval  expansion,  il  has 
been    decided    to    spend    a    further   sum    of    005,000  yen 

,  £95,000)  on  the  foundry  En  the  current  financial  year. 


% 

20,25, 24,25,26,2130, 1,  2, 3. 4:  T,  §,  9,  to,  tt,  SU,S5^6, 

57 

c 

o 

P 

p 

E 

R 

56 

55 

54 

^6 

SZ5 

124 

)S3 

szz 

\ZS 

szo 

M9 

H6 

T 

1 

N 

U7 

H6 

0 

50 

P 

1 

6 

i 

Ri 

3IN 

{, 

S 

C< 

>T 

Ch 

49 

4-S 

0^ 

44- 

43 

C 

L 

E 

V 

e: 

L 

A 

N 

D 

4£ 

56 

55 

54 

H 

e: 

M 

A 

T 

\ 

T 

E 

53 

5S 

\ 

& 

1 1 

Z 

N 

G 

L 

1 

S 

H 

L| 

F* 

kD 

$0 

2K 

£1 

&0 

s 

P 

e: 

L 

T 

E 

H 

THB    HOME    METAL    MARKET. 


Chart  showing  daily  fluctuations  between  November  20th  and  December  16th. 
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POWER    STATION    NOTES. 


The  Genesis  of  the  Large  Gas  Engine. 

When  Cockerill,  Korting,  Crossley,  Orchelhiiuser,  etc., 
showed  that  it  was  possible  to  build  gas  engines  of 
500  and  1,000  h.p.  and  over,  those  who  had  so  often 
said  that  gas  engines  of  over  200  h.p.  could  not  be 
made  to  run  satisfactorily  suddenly  collapsed.  The 
writer  always  had  an  open  mind  on  the  subject,  but  he 
must  confess  to  being  startled  when,  on  the  opening  day 
of  the  Paris  Exhibition  of  1900,  he  stumbled  against  a 
giant  machine,  and  was  told  by  one  of  Cockerill's  work- 
men that  it  was  a  moteur  a  gaz.  Since  then  the  large 
slow-running  power-gas  engine  has  become  widely 
adopted  for  blowing  purposes  and  for  electric  driving  of 
iron  and  steel  works  it  has  also  made  great  headway  on 
the  Continent.  In  England,  where  the  idea  of  using 
power-gas  originated,  we  seem  to  do  little  else  but  talk 
about  it.  What  in  the  world  are  our  iron  and  steel 
manufacturers  waiting  for  ? 

Gas  Engines  Driving  Alternators  in  Parallel. 

One  point  which  was  somewhat  uncertain  in  regard  to 
larf  e  slow-running  gas  engines  was,  whether  they  could 
be  depended  on  to  drive  alternators  in  parallel. 

This  has  at  last  been  answered  in  the  affirmative  at  the 
Ilseder  Iron  Works,  Germany.  In  this  installation  there 
are  two  500  h.p.  gas-driven  blowing  engines  which  take 
the  place  of  the  original  steam  blowers,  and  use  only 
one-fifth  of  the  gas  necessary  when  generating  steam. 
The  bulk  of  the  gas  is  thus  available  for  electric  power 
purposes,  and  six  1,200  h.p.  three-phase  generating  units 
are  being  installed.  The  engines  are  of  the  Orchelhiiuser 
type,  having  two  pistons  working  in  one  cylinder  and 
moving  in  opposite  directions  at  the  same  time.  A  pump 
driven  from  the  piston-rod  forces  air  and  gas  at  a  few 
pounds  pressure  into  the  cylinder,  and  compression  takes 
place  when  the  pistons  approach  each  other.  Regulation 
is  effected  by  the  mixture  of  gas  and  air,  so  there  is  no 
missing  of  explosions. 

The  three-phase  generator  gives  10,000  volts,  and  the 
revolving  mass  has  a  flywheel  effect  of  2,500  foot  tons, 
the  irregularity  factor  at  full  load  being  ^u.  There  are 
two  engines  to  each  three-phase  generator  and  the  crank 
shaft  is  so  arranged  that  either  engine  can  be  uncoupled 
for  examination  or  repair. 

Steam  driven  three-phase  units  are  also  in  use,  and  it  is 
found  that  the  gas  driven  unit  and  the  steam  unit  run 
perfectly  in  parallel  even  when  one  half  of  the  gas  engine 
unit  is  laid  off.  The  gas  engine  governors  are  electrically 
controlled  from  the  main  switchboard  and  there  is  no 
trouble  in  synchronising.  It  may  be  mentioned  as  an  ad- 
ditional interesting  fact  connected  with  this  plant  that  the 
steel-rolling  mills  which  are  four  miles  away  are  entirely 
driven  by  three-phase  electric  motors. 

Synchronising  Cranks. 

When  C.  E.  L.  Brown  equipped  the  Central  Station  of 
the  Frankfort  Municipality  he  installed  single  crank  slow- 
speed  engines,  and  to  ensure  them  running  in  parallel, 
introduced  an  ingenious  device  for  synchronising  the 
engine  cranks. 

This  is  effected  by  an  electric  bell  and  a  contact  on  the 
flywheels ;  the  method  naturally  requires  that  all  the 
engines  should  run  at  the  same  speed,  and  that  this  has 
been  kept  in  mind  when  ordering  extension  sets. 

So  far  as  the  writer  is  aware,  Manchester  is  the  only 
station  in  this  country  where  the  engine  cranks  are  syn- 
chronised. The  six  units  laid  down  under  the  Kennedy 
scheme  are  all  the  same  si/e  and  speed,  but  the  two  units 
ordered  by  the  late  city  engineer  are  much  larger,  and 
run  at  a  different  speed.  It  will  be  interesting,  therefore, 
to  see  how  the  synchronising  works  out  when  these  new 
units  are  ready. 


Costs    and    Tariffs  of   Water   Power    Electric 
Stations. 

In  a  recent  book,  by  Martin,  entitled  "  Les  Distributions 
d'Energie  Electrique,"  there  are  some  interesting  figures 
on  the  costs  of  water-power  electric  stations.  The  large 
water-power  station  at  Vizzola,  in  Northern  Italy,  for 
example,  has  a  capacity  of  22,000  h.p.,  and  the  capital 
expenditure  has  been  £1,600,000,  or,  say,  £72  a  horse- 
power. The  Societe  de  Gouage  a  Lyon  water-power 
station  has  a  capacity  of  27,000  h.p.,  and  the  capital 
expenditure  has  been  £1,600,000,  or  £59  a  horse-power. 
This  latter  company  sells  its  energy  at  the  rate  of  £4/8  to 
£14  per  horse-power  per  annum.  In  the  silk-weaving 
district  of  St.  Etienne,  in  France,  energy  is  sold  at  from 
£12  to  £24  per  horse-power  per  annum.  In  Switzerland 
the  following  are  the  tariffs  for  energy  supplied  from  a 
water-power  electric  station  :  For  motors  using  -^  to 
1  h.p.  £12  to  £10  per  horse-power  per  annum  ;  for 
motors  using  30  to  50  h.p.  £8  to  £6  per  horse-power 
per  annum  ;  for  motors  using  50  to  100  h.p.  £6  to  £4-8 
per  horse-power  per  annum. 

Cooling  Large  Step-up  and  Step-down  Trans- 
formers. 

For  large  step-up  and  step-down  transformers  used  on 
power  circuits  the  question  of  cooling  assumes  consider- 
able importance.  There  are  two  principal  ways  in 
which  it  may  be  effected — one  is  by  air-blast  and  the 
other  by  oil  circulation. 

With  air  cooling  the  blower  requires  about  1  h.p.for 
each  200  kilowatts  of  transformer  capacity,  the  air  piessure 
per  square  inch  being  about  #  oz.  to  £oz.  It  is  im- 
portant that  the  temperature  of  the  transformer  must  not 
be  lower  than  that  of  the  surrounding  air,  or  condensa- 
tion of  moisture  may  take  place. 

With  oil  cooling  it  is  important  to  take  great  care  to 
have  an  absolutely  neutral  oil  without  any  moisture  in  it 
whilst  the  insulation  also  must  be  selected  for  working  in 
oil.  The  water  coils  for  keeping  the  oil  cool  require  about 
one  gallon  per  minute  for  500  kilowatts  of  transformer 
plant  1,000  kilowatts  would  require  about  half  as  much 
again. 

Ornate  Chimneys. 

As  a  rule  the  British  public  are  long  suffering  in 
artistic  matters,  and  yet  at  times  there  is  a  growl. 
Thus,  not  so  long  ago,  there  was  an  outcry  about  the 
ugliness  of  street  hoardings,  and  as  a  result  we  have  now 
those  beautiful  posters  by  Aldin,  May,  Gassier,  and 
others.  Chimneys  are  monstrously  inartistic,  and  yet 
they  are  capable  of  being  made  really  beautiful,  fit 
to  look  upon,  and  at  the  same  time  useful  as  a  means 
of  viewing  the  surroundings.  In  Dresden,  for  example, 
the  electric  lighting  and  heating  station  is  situated 
close  by  the  Palace,  opera-house  and  art  gallery,  and 
therefore  a  chimney  of  the  ordinary  type  would  have 
been  wicked.  The  various  authorities  considered  the 
matter  with  the  result  that  the  power-station  chimncv 
is  SO  disguised  as  to  be  a  really  artistic  feature  of  one 
of  the  finest  views  of  Europe.  Of  course,  this  is  a 
special  case,  but  the  writer  commends  the  idea  to 
authorities  of  cathedral  cities  and  watering  places,  etc. 
where  an  ordinary  chimney-stack  would  offend   the  eye. 

Taking  them  "as  a  body,  electrical  engineers  are 
artistically  reasonable  and  would  not  require  much 
pressing.  They  are  responsible  for  the  overhead 
trolley-wires,  it  1-  true,  but,  after  all,  this  is  nothing 
compared  with  tin-  horrible  gasworks  and  gasometers 
with  which  our  friends  the  gas  people  pollute  the  atmo- 
sphere and  spoil  our  view.  No  engineer  would  nave  been 
capable,  for  such  a  monstrous.  the  gas-works 

on  the  banks  of  the  Thames  at  Maidenhead,  for  example. 
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Power  Station    Notes. 
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Vertical  :.  Horizontal  Water-tube  Boilers. 

The  chief  requirement  in  a  water-tube  boiler  is  that 
the  sedimentary  matter  shall  be  got  rid  of,  or  deposited 
before  coming  in  contact  with  the  portion  of  the  boiler 
exposed  to  the  hottest  gases.  This  calls  for  good  water 
and  a  large  mud-drum,  a  great  fault  in  water-tube 
boilers  being  that  the  mud-drum  is  far  too  small. 
Rapid  circulation  is  a  sine  qua  non  for  all  water-tube 
boilers,  and  in  this  respect  the  vertical  tube  of  the 
Stirling  type,  where  each  tube  has  full  outlet  into  the 
drum,  would  appear  to  be  better  than  the  horizontal 
type  where  a  number  of  tubes  enter  a  single  header 
having  restricted  outlet.  The  vertical  tubes  also  allow 
steam  to  get  away  quicker,  and  they  are  not  so  liable 
to  have  smoke  dust  deposited  on  them,  as  is  the  case 
with  the  horizontal  tube.  Another  very  important 
requirement  is  that  all  parts  should  be  circular  or 
spherical,  so  as  to  admit  of  free  expansion  without 
straining.  There  should  be  no  cast  metal,  and  in  this 
respect  headers  are  certainly  at  a  disadvantage. 

One  point  in  connection  with  water-tube  boilers 
is  that  the  direction  of  the  circulation  must  never 
change.  Now  it  is  a  well-known  fact  that  in  the 
horizontal  water-tube  type  this  does  sometimes  occur 
if  hard  pressed,  and  it  results  in  the  bottom  row  of 
tubes  blistering  by  the  pocketing  of  steam.  As  a 
result  steam  in  large  quantities  is  forced  up  the  rear 
header,  resulting  in  violent  upheavals  or  gevser  action 
in  the  steam  and  water  drums,  and  heavy  priming. 
Baffle  plates  are  fitted  over  the  discharge  from  the 
rear  headers  to  try  and  obviate  this  trouble  as  much 
as  possible. 

In  the  vertical  type  the  steam  enters  the  rear 
bank  of  tubes  where  the  heat  of  the  furnace  gases  is 
1  i west,  and  should  any  salts  or  other  sedimentary 
matter  be  deposited  the  heat  there  is  not  sufficient  to 
create  a  hard  scale.  The  front  bank  of  tubes,  where 
70  per  cent,  of  the  total  evaporation  takes  place,  thus 
escapes  any  scaling,  and  as  each  tube  has  a  dis- 
charging outlet  of  its  full  area  no  pocketing  of  the 
steam  can  take  place  however  hard  pre>- 

Flywheel  Design. 

The  flywheels  of  slow-running  engines  are  imposing, 
and  have  to  be  designed  very  carefully  to  mee: 
conditions  of  fluctuating  loads,  whilst  at  the  same 
time  not  exceeding  the  safe  limit.  Accidents  are 
happily  much  rarer  than  they  were,  and  this  is,  no 
doubt,  due  to  the  greater  skill  which  is  given  to  the 
design  of  the  flywheel,  and  also  to  the  fact  that  most 
slow-running  engines  nowadays  are  fitted  with  an 
automatic  stop  motion. 

In  a  cast-iron  flywheel  rim  the  safe  tensile  working 
stress  is  reached,  at  a  maximum  peripheral  velocity 
of  100  ft.  per  second,  which  corresponds  to  about 
So  ft.  to  90  ft.  per  second  on  the  mean  circumference  ; 
the  maximum  stress  due  to  centrifugal  force  being 
t;un  about  1,000  lb.  per  square  inch.  If  the  rim  is 
solid  this  means  a  factor  of  safety  of  twelve,  or  if 
link-jointed  a  factor  of  safety  of  eight,  which  is  about 
the  minimum.  Flange-jointed  wheels  should  not  be 
run  above  70  ft.  to  j$  ft.  per  second,  whilst  built-up 
steel  wheels  may  be  run  at  130  ft.  per  second. 

A  good  average  value  for  the  energy  necessar . 
be  stored  in   flywheels   for   electric   lighting  purposes 
is  2'9  foot-tons  per  electrical  horsepower  or  for  traction 
purposes  4  foot  tons.      For  a     500  kilowatt    set     with 


two-crank  engine,  the  rotating  mass  will  weigh  about 
50  tons,  for  1,000-kilowatt  about  60  tons,  for  1,500- 
kilowatt  about  75  tons,  for  2,ooo-kilowatt  about 
100  tons  and  for  2,500-kilowatt  about  150  tons. 

Speed  Variation  in  Flywheels. 

An  important  factor  in  designing  flywheels  for 
lighting  or  traction  purposes  is  the  value  to  be  given 
to  the  co-efficient  of  speed  variation  allowable  between 
the  maximum  and  minimum  limits.  For  ordinary 
lighting  loads  with  continuous  current  dynamos 
the  co-efficient  is  from  -ri,„-  to  *,},,-.  For  alternators 
working  in  parallel  on  fighting  load  ..  and  for 

traction  ,,',,,  to  „*,..  Of  course  every  maker  has  his 
own  ideas  on  the  subject,  thus  Messrs.  Suber  Bros. 
say  ..,*„  for  fighting  and  only  ;}tt  for  traction.  This 
co-efficient  is  sometimes  expressed  as  a  certain  number 
of  electrical  degrees  of  variation  per  impulse,  thus  a 
common  value  is  6  deg. — that  is  3  deg.  increase 
or  lag  from  the  mean.  In  an  alternator  with  6o 
poles  driven  by  a  two-crank  compound  engine,  each 
pair  of  poles  will  describe  360  deg.  in  one  cycle,  so 
that  the  total  number  of  electrical  degrees  described 
.    6o  x  360  ,  , 

is  — .       At    the     same    time     the    number    of 

impulses  per  revolution  is  four,  so  that  the  number  of 

degrees  described  in  one  impulse  is  —zrr.  =-,700. 


2  x  4 


6° 


The   eo-efficient  will  now  be    represented  bv  or 

"     -.700 
t  ,,,.  which  is  about  right  for  good  American  practice. 

Any  one  wishing  to  investigate  this  matter  further 
cannot  do  better  than  consult  a  paper  bv  Mr.  Marshall 
Dourier  in  the  Proceedings  of  the  Institute  of  Engineers 
and  Shipbuilders  of  Scotland. 

The   Unreasonableness   of   Governor    Require- 
ments. 

It  would  be  a  good  thing  if  some  one  thoroughly 
conversant  with  governors  and  their  little  peculiar- 
ities would  go  round  and  talk  sense  to  some  of  the 
various  consulting  engineers.  For  by  process  of 
paraphrasing  each  other's  specifications,  and  going 
one  better  each  time,  governor  requirements  have 
reached  a  point  practically  unattainable. 

To  attempt  too  much  in  governing  is  worse  than 
to  do  nothing  at  all,  because  the  finer  the  governing, 
or  in  other  words  the  nearer  one  goes  to  the  hunting 
point,  the  more  likelihood  of  a  serious  accident.  One 
frequently  sees  specifications  calling  for  a  control 
of  speed  within  one  per  cent,  of  the  normal  from 
half  load  to  full  load,  and  when  the  full  load  is  suddenly 
thrown  off  the  increase  is  not  to  exceed  4  p:r 
At  the  same  time  there  must  be  provision  for  altering 
the  speed  up  to  10  per  cent,  either  above  or  below 
the  normal  whilst  the  engine  is  running.  Even  if  it 
were  possible  to  keep  within  one  per  cent,  at  any  time 
the  last  requirement  of  a  20  per  cent,  variation  of 
speed  entirely  gives  the  show  away;  it  is  a  moral 
impossibility  to  have  both.  If  the  engines  are  driving 
alternators  the  points  to  be  aimed  at  are,  first  to  get  them 
synchronised,  then  when  in  parallel  to  keep  them  in,  and 
finally  to  see  that  each  engine  does  its  fair  share  o: 
the  work.  Experience  shows  that  an  engine  governing 
within  5  per  cent,  is  more  likely  to  attain  these  results 
tiian  one  governing  within  one  per  cent. 


AMERICAN    RESUME. 


Modern  Steam  Yachts. 

At  the  annual  meeting  of  the  Society  of  Naval 
Architects  and  Marine  Engineers,  held  at  New  York, 
a  paper  was  read  by  Mr.  C.  H.  Crane  of  this  city, 
entitled  "  Some  Thoughts  on  the  Design  of  Modern 
Steam  Yachts."  It  was  remarked  that  the  American 
steam  yacht  had  developed  from  the  English  designs, 
which  from  the  first  were  sea-going  ships  rather  than 
harbour  boats.  On  this  side  of  the  water  greater 
engine  power  (for  higher  speed)  and  more  luxurious 
fitting  were  demanded,  and  the  problem  had  been 
to  meet  these  requirements  without  making  the  vessel 
less  roomy  or  less  sea-worthy  than  the  English  boats. 
Steam  yachts  were  either  ferryboats,  to  take  the 
owner  to  and  from  his  country  place,  or  cruising 
vessels  for  making  long  tours.  The  development  in 
steam-yacht  building  had  been  great  in  recent  years 
As  many  as  253  American-owned  steam  yachts,  of 
28,306  tons  aggregate,  had  been  built  since  1890 ; 
this  was  over  half  the  number  at  present  registered 
in  America.  The  plans  of  one  of  the  most  recent, 
the  Noma,  were  given  in  the  paper  to  illustrate  how 
the  requirements  for  comfort,  speed  and  sea-worthiness 
had  been  met  in  a  particular  case.  The  vessel  was 
226  ft.  on  water  line,  28|  ft.  in  breadth,  and  18^  ft. 
deep,  with  a  trial  displacement  of  1,035  tons  and  a 
speed  of  19  knots.  The  engine  was  a  four-cylinder,  triple- 
expansion  engine,  running  at  205  revolutions  per  minute 
of  4,200  i.h.p.  Almy  water-tube  boilers  were  used. 
The  vessel  had  large  bilge  keels  "  which  apparently 
did  not  interfere  with  her  speed."  It  was  stated 
that  22  per  cent,  of  the  displacement,  exclusive  of 
coal,  water  and  stores,  was  occupied  by  machinery, 
while  S7i  Per  cent,  was  given  up  to  outfit  and  joiner 
work. 

American  Society  of  Mechanical  Engineers. 

The  most  important  business  of  the  year,  mentioned 
in  the  annual  report  of  the  Council  of  the  American 
Society  of  Mechanical  Engineers,  was  connected  with 
the  munificent  purpose  of  Mr.  Andrew  Carnegie,  who  is 
a  member  of  the  Society,  to  give  the  sum  "necessary 
to  make  adequate  provision  for  the  accommodation 
of  the  four  national  societies  of  engineers,  in  an  appro- 
priate building,  and  for  the  Engineers'  Club  in  another. 
Mr.  Carnegie  expressed  his  willingness  to  make  the 
amount  of  his  gift  exceed  a  minimum  of  one  million 
dollars,  if  that  sum  should  be  found  inadequate  to 
give  the  accommodation  required  for  the  present 
and  the  future  needs  of  the  organisations  which  he 
named.  The  four  constituent  societies  named  bv 
•Mr.  Carnegie  have  appointed  representatives,  and 
from  these  representatives  an  executive  committee 
has  been  formed,  which  since  the  adjournment  of  the 
Saratoga  meeting  has  been  formulating  the  details 
of  the  arrangement  of  the  building,  and  another 
sub-committee  has  been  considering  the  proper  method 
for  the  management  and  control  of  such  a  joint  under- 
taking. The  report  of  these  committees  will  be  made 
public  in  the  near  future. 

A  New  Type  of  Four-Valve  Stationary  Engine. 

One  of   the  papers  at    the   New   York   meeting  of  the 

Society  dealt  with  the  construction  and  efficiency  <>t 
a  Fleming  Four-valve  Engine,  directly  connected  to 
a  400  kilowatt  generator. 

Its  nominal  1  apaj  ity  is  joo  a.p.  at  .1  speed  oj   1  50 

revolutions  per  minute,  1501b.  pressure  ai  the  throttle 

ind  26  in.  vacuum.     The  cylinders  are  bo  proportioned 

as   to  give   the   high   ratio  of    j    to   7-33    j, .Mowing    the 
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style  advocated  by  Mr.  Geo.  Rockwood.  No  si 
jackets  are  used,  but  a  vertical  tubular  reheating 
receiver  is  placed  in  the  steam  passage  between  the  two 
cylinders,  steam  being  admitted  to  the  high  pressure 
cylinder  through  triple  ported  valves  of  the  Corliss 
type  working  in  chilled  iron  bushings,  the  governing 
being  accomplished  by  a  centrally  balanced  inertia 
shaft  or  wheel  governor.  This  governor  is  so  con- 
structed that  it  is  practically  balanced  in  all  positions, 
being  made  with  two  inertia  arms,  the  centr- 
gravity  of  which  move  in  harmony  with  each  other 
about  the  centre  of  rotation,  the  balancing  feature 
avoiding  surging  or  violent  action  under  all  conditions 
of  operation.  This  operates,  by  means  of  bell  cranks, 
the  steam  admission  valves  of  the  high  pressure  cylinder 
only,  and  is  so  arranged  as  to  decrease  the  lead  at 
the  earliest  point  of  cut-off.  The  steam  valves  r.f 
the  low-pressure  cylinder  are  controlled  by  a  fixed 
eccentric,  so  arranged  that  the  cut-off  in  that  cylinder 
can  only  be  varied  when  the  engine  is  not  running, 
and  remains  constant  under  all  conditions  of  load 
and  pressure.  The  exhaust  valves  of  both  cylinders 
are  of  the  Corliss  type  operated  b}^  a  single  eccentric 
through  the  medium  of  a  peculiar  arrangement  of 
rocker  arms  and  bell  cranks.  The  author,  Mr.  B.  T. 
Allen,  describes  a  number  of  tests  which  he  considers 
have  fairly  established  the  following  principles  : — 

(1)  That  as  a  prime  mover  the  elaborate  dash  pot 
or  other  accelerated  cut-off  devices  used  in  present 
Corliss  engine  practice  are  unnecessary  complications 
and  unwarranted  when  comparing  results. 

(2)  That  the  centrally  balanced,  direct  acting  fly- 
wheel device  serves  its  purpose  to  better  advantage 
than  the  indirect  fly-ball  governor. 

(3)  That  there  is  better  warrant  for  shorter  strokes 
and  moderately  high  speeds  than  for  longer  strokes 
and  resultant  lower  speeds,  notwithstanding  the  element 
of  clearances. 

(4)  That  self-lubrication  without  additional  apparatus 
requiring  attention  to  secure  it,  enters  as  an  improve- 
ment in  net  efficiency,  to  say  nothing  regarding  main- 
tenance. 

(5)  That  an  engine  of  the  described  design,  although 
of  marked  improvement  in  point  of  simplicity  will 
rather  exceed  than  equal  the  more  elaborate  practice 
heretofore  established  at  normal  load  and  excels 
comparable  prime  movers  in  a  marked  degree  where 
the  work  is  of  a  widely  fluctuating  character. 

(6)  That    considering    a    resulting    decrease    in    tin 
cost    of    foundations,    building,    floor    space,    and,    in 
electric    practice,    generators,    due    to    better    speeds 
the  design   described   determines  its  importance  from 
the  standpoint  of  investment. 

What  are  the  New  Machne  Tools  to  be? 

This  was  the  title  of  a  paper  contributed  to  ilu 
American  Society  of  Mechanical  Engineers  by  Mr. 
J.  E.  Sweet,  who  said  he  thought  the  machine-tool 
builders  would  admit  that  the  machines  must  be  re- 
designed in  order  to  get  even  a  lair  share  oi  the  ultimati 
possibilities  ottered  by  the  new  high-Speed  tool  steel. 
To  the  most  of  them  would  this  mean  anything  but 
just   to  make  the  driving  elements   more  powerful   and 

th"  machines  stronger     which  was  as  much  as  to  saj 

everything  had  been  all  right,  and  all  they  needed 
to  do  was  to  change  the  strength  and  power5  But 
had  they  l»en  all  right  or  half  right  ?  It  could  be 
shown  bv  figures,  he  supposed  (he  knew  it   to  In-  a   Eat  t 

bv  a  trial  with  models),  that  a  complete  box  was 
thirteen  times  more  rigid  against  torsion  and  four  times 
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more  rigid  against  bending  than  the  same  amount 
of  material  was  in  the  form  of  side  plates  and  thin  cross 
girts.  It  was  probably  from  four  to  eight  times  more 
rigid  than  the  cross-girt  plan  in  any  form,  and  yet 
in  the  case  of  lathes,  the  whole  business  of  whose 
beds  was  to  resist  torsion,  only  one  or  two  builders 
had  had  the  courage  or  audacity  to  adopt  the  box  form. 
Milling  machines  of  the  planer  type  were  constructed 
like  planing  machines,  seemingly  without  a  thought 
but  that  the  conditions  were  identical,  while  they 
were  not.  In  the  course  of  further  remarks  he  said 
that  to  get  the  best  out  of  machines,  they  not  only 
wanted  to  be  rigid  and  true,  but  the  drive  must  be 
powerful.  While  manufacturing  was  going  to  call 
for  many  more  simple  machines — that  is,  machines 
to  do  one  thing  rapidly  and  well — the  machines  which 
would  do  a  variety  of  work  would  be  still  in  demand, 
for  the  sparsely  settled  sections  of  the  country  and 
the  colonies  would  call  for  the  country  machine  shop 
as  of  old. 

Hints  on  Shop  Construction. 

Mr.  F.  A.  Scherfier  presented  an  ideal  scheme  for 
laying  out  new  shops,  covering  a  complete  equipment 
for  manufacturing  on  a  large  scale.  The  plan  proposed 
was  primarily  designed  for  the  manufacture  of  electrical 
apparatus,  but  the  author  remarked  that  it  would  be 
applicable  to  any  other  kind  of  manufacturing,  where 
it  was  desired  to  have  a  number  of  shops  which  were 
to  be  easily  accessible  for  business  purposes  and  for 
the  delivery  and  shipping  of  material.  In  the  centre 
of  the  space  available  for  the  buildings  the  plan  pro1, 
for  an  administration  building,  constituting  the  business, 
accounting,  and  sales  offices ;  and  on  the  second 
story,  the  draughting  room.  This  building  is  octagonal, 
or  hexagonal,  whichever  may  be  found  to  be  most 
suitable  for  the  purpose.  In  this  case,  it  has  been 
designed  with  a  view  of  accommodating  seven  build: 
which  radiate  from  each  side  of  the  octagon,  and  has 
one  side  reserved  for  the  main  entrance  through  the 
building.  The  end  of  each  shop  which  is  nearest 
to  the  administration  building  has  its  individual 
office  for  the  foremen  and  shop  clerks.  This,  it  will 
be  seen,  is  a  very  harmonious  arrangement,  as  every 
shop  is  then  but  a  short  distance  from  the  adminis- 
tration building,  so  that  intercourse  can  easily  be  had 
between  the  drawing-room,  offices  and  the  offices  of 
each  shop.  The  general  arrangement  gives  each 
shop  plenty  of  yard  room,  which  is  also  verv  essential : 
and  travelling  cranes,  either  worked  by  hand  or  power, 
could  be  located  in  the  yard  room  between  any 
of  the  shops,  for  handling  raw  or  finished  material. 
A  circular  track  around  the  administration  building 
connected  in  front  of  each  shop  building  by  means  of 
suitable  turn  tables,  worked  by  hand  or  power,  makes 
the  distribution  of  material  between  the  buildings 
very  easy,  and  the  distance  the  material  will  have  to 
travel  from  any  one  building  to  another  is  compara- 
tively short.  At  the  extreme  outer  end  of  each  building 
is  another  circular  track,  primarily  to  be  used  for 
shipping  purposes,  and  the  distributing  of  such  material 
as  may  come  in  or  go  out  over  the  connecting  railroad 
lines.  This  track  runs  through  the  end  of  each  building ; 
and  in  such  buildings  where  the  machinerv,  castings. 
or  other  goods  are  to  be  handled,  the  heavier  travelling 
crane  in  that  particular  building  which  should  run 
the  length  of  the  shop,  can  easily  unload  or  load 
the  cars.  This  arrangement  makes  "it  possible  to  go 
into  every  shop  without  having  a  multiplicity  of 
tracks  and  switches,  thus  cutting  up  the  available 
yard  room,   as  is  usually  the  case  in  ordinarv  plants. 


It  is  also  possible,  if  there  is  sufficient  ground  available, 
to  extend  any  one  or  all  of  the  buildings,  and  still 
retain  the  best  features  of  the  design. 

The  New  Steam  Turbine  Station  at  Newport,  R.I. 

The  first  vertical  Curtis  steam  turbine  installed  in 
America  is  a  ;ookiiowatt  machine  at    Newport,  R.I; 

The  Newport  station  is  one  of  several  controlled 
by  the  Massachusetts  Electric  Companies,  who  operate 
about  900  miles  of  electric  street  railways  and  have 
alreadv  contracted  for  33,000  h.p.  in  steam  turbines. 
Three  of  these  are  500  kilowatt  machines,  and  will 
be  installed  at  Newport,  while  the  others  will  be 
placed  in  stations  at  Fall  River  and  Quincy  Point, 
Mass.,  and  will  be  much  larger  units. 

The  Newport  turbine,  at  present  in  operation,  runs 
at  1,800  revolutions  per  minute,  taking  steam  at  140 
pounds  pressure  at  the  turbine  nozzles.  Alternating 
current  of  2,500  volts  is  generated.  The  turbine  is 
7  ft.  8  in.  in  diameter  at  the  base,  and  12  ft.  6  in. 
high.     The  station  plans  call  for  four  turbines  in  all. 

Automatic  Machine  for  Track  Laying. 

Mechanical  improvements  have  made  it  possible  to 
construct  railroads  in  the  United  States  with  a  speed 
that  would  have  seemed  impossible  a  decade  ago. 
An  instance  of  the  development  in  this  direction  is 
given  in  a  recent  issue  of  the  Cincinnati  Enquirer, 
which  describes  a  peculiar  piece  of  mechanism — that 
is,  laving  the  tracks  of  the  Cincinnati,  Richmond 
and  Muncie  railroad  at  the  rate  of  two  and  a-half  miles 
a  dav.  This  track-laying  machine  automatically  and 
accurately  lifts  the  ties  and  rails  into  position,  the 
most  drudging  labour  in  all  railroad  construction. 
It  also  furnishes  the  motive  power  for  its  own  con- 
struction train. 

There  were  stretches  of  roadbed  over  which  the 
construction  train  moved  at  a  rate  of  over  1,800  ft. 
an  hour.  The  machine  utilised  was  one  which  differs 
in  many  essentials  from  that  which  has  been  used 
in  other  sections  of  the  country.  One  of  the  most 
interesting  features  is  the  manner  in  which  the  materia! 
is  delivered  to  the  roadbed  and  the  comparatively 
few  men  required  for  the  different  operations,  as 
the  ties  and  rails  are  lifted  and  moved  from  the  cars 
on  which  they  are  carried  to  the  roadbed,  being  con- 
nected and  spiked  while  the  train  is  in  motion. 

An  endless  chain  carrier  puts  the  ties  in  position, 
while  a  crane  suspended  upon  a  steel  truss  lowers  the 
rails  in  advance  of  the  construction  train.  In  this 
manner  the  engineers  in  charge  of  the  road  hope  to 
run  into  Cincinnati  many  weeks  earlier  than  they 
could  otherwise  have  done.  The  machine  weighs 
fiftvtons,  and  was  made  in  Scranton,  Pa.,  U.S.A. 
It  is  the  only  one  of  its  kind  in  existence,  and  its 
inventor,  Mr.  Hurley,  who  accompanies  the  machine, 
spent  ten  vears  in  perfecting  it  and  thousands  of  dollars 
on  models  before  success  crowned  his  efforts. 

The  work  done  upon  the  Cincinnati,  Richmond  and 
Muncie  road  demonstrated  that  a  force  of  about  forty 
competent  men  were  all  that  were  required  to  operate 
the  machine  to  its  fullest  capacity,  and  that  when 
conditions  are  favourable  over  three  miles  of  track 
a  day  of  ten  hours  could  be  put  down  without  difficulty, 
while  an  average  of  over  two  and  one-half  miles  could 
be  recorded.  The  gearing  on  which  the  material 
is  conveved  from  the  platform  through  the  machine 
can  be  operated  at  the  same  rate  of  speed  at  which 
the  train  is  moved  or  its  speed  can  be  doubled.  The 
weight  of  the  rails  handled  include  the  heaviest  used 
for  American  standard-gauge  construction. 
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Mineral  Output  of  the  Transvaal. 

The  following  tables  have  been  compiled  from  the 
Official  Mining  Statistics  issued  from  the  Government 
Mining  Engineers'  Department,  and  show  the  results  for 
the  third  quarter  of  1903. 

GOLD. 


Month. 

Yield  in  ozs. 
fine. 

Value 
in  £  sterling. 

July 

August           

September 

252,944 
273,591 
276,787 

1,074,432 
1,162,141 
],I75,7l6 

Totals 

803,322 

3,412,289 

SILVER. 


Month" 

Yield  in  ozs. 
line. 

Value 
in  i.  sterling. 

July 

August           ...         

September    ... 

30,343 
33,498 
32,668 

3,123 
3,493 
3,460 

Totals 

96,509 

10,076 

COAL. 


Month. 

Tons. 

Value 
realised  at  pit. 

July 

August 
September    ... 

219,690 
213,064 
204,537 

^5,179 
82,357 
80,026 

Total-, 

637,291 

247,562 

DIAMONDS. 


July     ... 

August 

September 


A  Rand  Bore-hole. 

Of  the  numerous  bore-holes  which  have  been  put  down 
with  diamond  drills  to  locate  the  reefs  on  the  deep  level 
claims  of  the  Witwateisrand  one  of  the  most  easterly 
is  that  recently  completed  by  Messrs.  Lewis  and  Marks 
on  the  farm  Orootvlci,  about  thirty  miles  due  east  of 
Johannesburg. 


The  record  of  the  core  gives  a  good  idea  of  the  general 
nature  ol  the  strata  overlying  the  reefs. 

Dolomite. 
Quartzite. 


Surface  to  903  ft. 
931  ft.  to  1415  ft. 


2084  ft.  to  2153  ft. 
2153  ft.  to  2373  ft. 

2616  ft.  to  2760  ft. 

2933  ft.  to  2949  ft. 

2996  It.  to  3414  it 


Kimberley  Series  of  Reefs. 

Quartzite. 

Slate. 

Quartzite. 

Slate. 

Quartzite . 

Bird  Reef  Series. 

Banded  Slate. 

Quartzite  and  Slate. 

Amygdaloidal  Diabase. 

Quartzite. 

Modderfontein     Series     oi 
Reefs. 

Van  Ryn  Series  (now  recog- 
nised as  part  of  the  Mam 
Reef      Series)      in      the 
following  order  : — 
Leader  9    inches. 
Leader  4^       „ 
Leader  3I      ,, 
Reef      21 


The  Tinfields. 

The  discovery  of  tin  in  the  Transvaal  has  been 
followed  up  during  the  last  few  months  by  prospecting 
work  undertaken  by  the  Transvaal  Tin  Mines  Syndicate 
with  the  result  that  the  property  has  been  taken  over  by 
one  of  the  leading  financial  houses  with  a  view  to 
systematic  prospecting  and  subsequent  flotation,  if  the 
former  operation  justifies  the  latter. 

Several  tin-bearing  lodes  have  been  found  which  it  is 
proposed  to  prove  by  means  of  an  adit,  driven  in  approxi- 
mately at  right  angles  to  their  strike  in  order  to  show 
whether  the  lodes  continue  in  depth  and  also  whether  it 
will  pay  to  work  them. 

The  property  is  situated  on  a  Government  farm  named 
Oshoek  adjoining  the  Swazieland  border,  and  as  a  matter 
of  course  a  large  quantity  of  ground  in  the  neighbourhood 
has  been  acquired  or  taken  under  option  for  prospecting 
or  speculative  purposes. 

A  limited  company  has  been  formed  to  prospect  and 
develop  the  adjoining  farm,  Bettysgoed,  into  which  the 
same  tin-bearing  lodes  are  presumed  to  run. 


Natal  Harbour  Department. 

An  order  has  just  been  given  out  for  the  lighting  oi 
the  Suction  Dredgers  Curlew,  lb:s,  and  H'd/<; 
Rat  by  electricity,  to  enable  them  to  work  by  night. 
Tenders  were  informally  called  for,  and  Messrs. 
Greenwood  and  Batley,  Ltd..  of  Albion  Works,  Leeds, 
through  their  direct  representative  at  present  in 
Durban,  were  successful  in   securing  the  order. 

The  plant  which  will  be  supplied  consists  of  three  com- 
plete sets  o!  7  b.h.p.,  44  kilowatt,  de  I.avel  Patent 
Turbine  Dynamos,  arranged  to  work  either  condensing 
or  non-COndensillg,  at  a  steam  pressure  of  JOlb  and  1  lOlb. 
per  square  inch,  bWO  being  fitted  for  the  latter  pressure 
The  voltage  of  the  dynamos  will  be  1  10,  and  the  c.tpacily 
ol  the  sets  is  equivalent  to  about  140  8-candle  powci 
incandescent  lamps. 

The    wiring    ol    the    dredgers    will    be    done    depart- 
mentally,   under   the    supervision    of    Mr.    (i.    Stooie, 
a.m.i.k.e.,  the  Harbour   Electrical   Engineer,  who  has 
great   confidence  in   the  future  of  the  steam  Turbiix 
The  installation  will  be  completed  early  in  1004. 
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High   Speed   Trials   with   Electric    and    Steam 
Locomotives. 

In  the  course  of  the  Marienfelde-Zossen  high  speed 
trials,  the  safety  of  working  of  the  current  c-jllectors 
particularly  remarkable  even  for  the  highest 
'.s.  Many  runs  at  200  and  more  kilometres 
per  hour  were  performed  by  both  cars,  speeds  as 
high  as  208  kilometres  being,  for  instance,  reached 
on  November  25th.  Special  attention  has  been  paid 
to  braking  and  inertia  tests.  By  increasing  the 
braking  pressure,  the  braking  distance  has  been  more 
and  more  rt-duccd.     Moreover,  a  new  device  has  been 

ted,  preventing  automatically  the  wheels  from 
being  braked  at  decreasing  speeds  by  drawing  air 
:rom  the  braking  cylinders.  Trailing  experiments 
have  been  performed  on  six-axle  sleeping  cars,  con- 
nected to  the  high-speed  cars,  it  being  shown  that 
trailers  up  to  speeds  of  160  kilometres  will  run  rather 
smoothly,  material  oscillations  being  observed  only 
at  speeds  as  hish  as  180  kilometres. 

These  experiments  having  shown  that  existing 
permanent  ways,  with  careful  construction  and  super- 
vision of  the  track,  are  capable  of  standing  much  higher 
speeds  than  those  now  in  vogue,  even  without  any 
specially  designed  cars,  the  Prussian  railway  authorities 
have  decided  on  undertaking  on  the  same  Marienfelde- 
Zossen  military  railway  some  further  experiments 
the  performance  and  behaviour  of  several  tvpes 
-omotives.  It  is  intended  to  reach  speeds  as 
high  as  about  140-150  kilometres  per  hour,  and  as 
the  locomotives  ordered  for  this  purpose  are  now 
complete,  it  is  anticipated  that  these  experii 
will  be  started  in  a  very  short  time. 

Additions  to  the  Berlin  Elevated  Railway. 

ne  further  developments  of  the  Berlin  "'  Hoch- 
bahn  "  lines  have  been  under  consideration  for  some 
time,  and  according  to  information  just  to  hand, 
a  provisional  prolongation  of  the  Elevated  Railwav 
from  Potsdamer-Platz  to  Hausvoigtei-Platz  appears 
to  be  definitely  decided  on.  the  beginning  of  the  work 
_  anticipated  for  next  spring.  A  further  project 
has  been  submitted  to  the  superintending  authorities 
in  regard  to  an  additional  line  from  the  Charlottenburg- 
Knie  station  as  far  as  Wilhelms-Platz,  C harlot tenburg. 
and  it  is  safe  to  state  that  the  construction  of  this 
line  will  also  be  commenced  in  the  course  of  next 
year.  On  the  other  hand,  as  regards  a  contemplated 
rectilinear  prolongation  of  the  Chariot  tenburg  line 
as  far  as  Westend,  a  Chariot  tenburg  suburb,  negotia- 
tions are  not  yet  concluded. 

The  Siemens  and  Halske  Rapid  Type  Printing 
Telegraph. 

A    novel    kind    of   rapid    type-printing    telegraph    is 
_    developed   and    has  just   been   brought   out    by 
the    Siemens   and    Halske    Company.     The    apparatus 
belongs  to  the  class  of  the  so-called  automatical  tele- 
graphs  (Pollak-Yirag   system)    where   the    telegram   is 
prepared    by   a    typewriting   device   piercing   for   each 
to  be  telegraphed-  a  given  hole  or  set  of  holes 
in   a   continuous   paper  ribbon.     The  latter  on  being 
drawn    through    the    rotating    telegraphic    transmitter 
will    automatically    throw    corresponding    current    im- 
-    into    the    circuit.     As    the    Siemens    apparatus 
is    capable    of    telegraphing   2,000   letters    per    minute 
he  same  line,  whereas  each  official  even  with  the 
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of  apparatus  cannot  transmit  any  more  than 
200  to  300  letters  in  the  same  interval  of  ti: 
will  be  possible  to  send  the  telegrams  transmitted 
by  a  large  number  of  officials  through  the  same 
line.  In  the  Siemens  apparatus,  two  holes  are  pierced 
in  the  paper  ribbon  for  each  letter,  the  letter  being 
itself  printed  in  plain  printing  characters  immediately 
above  so  that  the  perforated  ribbon  contains  the 
telegram  in  distinctly  readable  form.  Moreover,  the 
public  itself  will  be  able  to  take  charge  of  the  perforat- 
ing, transmitting  the  prepared  ribbons  to  the  telegraph 
office. 

In  the  receiving  apparatus,  the  ribbon  arrives  at 
the  same  speed  ready  for  sticking  on  telegram  forms, 
containing  the  telegram  in  plain  printing. 

In  order  to  ensure  this  printing  of  2,000  letters 
per  minute,  without  any  mechanical  delicate  apparatus, 
the  electric  spark  is  resorted  to.  A  disc  where  the 
various  letters  are  cut  out  as  in  a  pattern  is  rotated 
at  a  speed  of  2,000  turns  per  minute  between  a  spark 
gap  and  a  continuous  ribbon  of  photographic  paper, 
lever  a  spark  passes  in  the  gap,  a  silhouette 
of  the  letter  happening  to  be  in  front  of  it  is 
projected  on  the  paper  ribbon.  It  should  be  noted 
that  the  spark  must  be  produced  with  an  accuracy 
as  high  as  one  40,000th  part  of  a  second  in  order 
to  have  the  proper  letter  appear  at  the  proper  place. 
The  paper  ribbon  next  passes  beneath  some  sponges 
impregnated  with  developing  and  fixing  liquids, 
the  photographic  process  requiring  only  nine  seconds, 
so  that  the  ribbon  is  delivered  ready  printed. 

The  problem  of  causing  the  spark  to  be  produced 
with  the  utmost  accuracy  at  an  instant  accurately 
in  accordance  with  the  current  impulses  trans- 
mitted from  the  sending  apparatus,  was  solved  by 
utilising  to  a  high  extent  the  property  of  electric 
condensers  of  being  charged  and  discharged  in  very 
short  intervals.  The  mechanism  of  the  apparatus 
has  hence  been  so  simplified  that  the  receiver,  apart 
from  the  photographic  device,  is  embodied  simply 
by  a  shaft  driven  by  an  electromotor  on  which  in 
addition  to  the  above  mentioned  type  disc  only  some 
brushes  are  mounted  sliding  over  contact  discs.  In 
addition  there  are  five  relays  of  special  design,  the 
tongues  of  which  will  follow  the  rapid  impulsions 
without  any  difficulty  and  at  a  sufficient  speed.  A 
special  rather  ingenious  device  causes  the  receiving 
apparatus  to  perform  in  a  given  time  accurately  the 
same  number  of  turns  as  the  transmitter  giving  off 
the  current. 

Experiments  for  which  the  Imperial  Postal  Depart- 
ment had  lent  some  lines  have  shown  the  practica- 
bility of  the  apparatus  for  transmissions  over  great 
distances.  Dr.  Franke,  Dr.  Thomas  and  Mr.  Ehrhardt 
have,  through  their  assistance,  contributed  t<~>  fhe 
design  of  the  apparatus. 

The  Berlin  Teletyping  Central  Station. 

On  October  1st  a  most  valuable  addition  to  the 
Berlin  telephone,  with  its  nearly  sixty-eight 
thousand  subscribers,  was  made,  when  the  "  Fern- 
drucker  Centrale "  was  opened  to  public  service. 
Telephones,  which  only  render  words  as  they  are 
spoken,  are  frequently  inefficient  for  business  purp  - 
in.addition  to  a  correct  transmission  of  a  communica- 
tion, there  will,  in  many  cases,  be  necessary  an  acknow- 
ledgment in  writing  of  this  transmission.  On  the 
other    hand,    there     is     the     liability     of     telephonic 
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conversation  to  be  overheard  by  a  third  party  and  finally 
the  person  rung  up  on  the  telephone  may  happen 
to  be  absent,  when  his  return  will  have  to  be  waited 
for  and  much  time  be  lost.  In  all  these  cases,  the 
new  teletyper  service  is  intended  to  afford  efficient 
means  of  communication. 

The  teletyper  as  constructed  by  the  Siemens  and 
Halske  Company  is  a  type-printing  telegraph,  similar 
to  the  well-known  Hughes  type  printer  and  the  Baudot 
telegraph.  The  main  distinctive  feature  from  former 
apparatus  is,  however,  the  fact  that  the  latter  moving 
freely,  the  synchronism  of  the  instruments  established 
on  the  same  line  had  to  be  obtained  by  the  skill  of 
the  operator,  whereas  the  operation  of  the  new  appa- 
ratus being  nothing  else  than  a  teletypewriter  may 
be  learned  by  anybody  in  the  shortest  possible  time. 
The  key-board  of  the  teletyper  is  similar  to  that 
of  an  ordinary  typewriter,  comprising  four  superposed 
rows  of  seven  keys  each,  out  of  which  twenty-six 
are  each  provided  both  with  a  letter  and  a  figure  or 
sign  of  punctuation.  As  regards  the  remaining  two 
keys,  one  serves  as  beginning  or  letter  key,  whereas 
the  other,  bearing  the  inscription  "  Zahl,"  is  used  as 
figure  or  punctuation  key.  By  striking  either  of 
these  keys,  the  type-wheel  of  the  printing  telegraph 
is  adjusted  either  for  letters  or  figures  in  a  manner 
similar  to  the  Hughes  apparatus.  Both  of  the  appa- 
ratus connected  by  a  line  may  be  used  either  as  sender 
or  as  receiver  without  any  special  preparation  or 
switching  being  necessary,  both  of  them  being  auto- 
matically and  simultaneously  operated  as  soon  as 
the  first  white  key  is  struck,  when  the  apparatus 
in  question  becomes  a  sender,  and  all  is  ready  for  use. 

The  type-wheel  bears  on  its  periphery,  in  one  circle, 
the  letters,  and  in  another  parallel  circle  the  figures 
and  signs  of  punctuation.  On  acting  on  the  shift 
key  the  type-wheel  is  shifted  automatically  on  its 
shaft  so  as  to  place  the  row  of  signs  concerned  above 
the  printing  surface  of  the  paper  ribbon.  By  acting 
on  an  ordinary  key  on  the  other  hand,  the  type-wheel 
is  rotated  as  far  as  to  bring  the  type  in  question  in 
front  of  the  paper,  when  the  latter  is  pressed  against 
the  wheel  and  receives  the  printing,  to  return  down- 
wards again  instantaneously  and  to  be  moved  as 
far  as  the  interval  of  two  letters,  so  as  to  be  able 
to  receive  the  following  sign.  This  process  will  occur 
simultaneously  in  both  of  the  apparatus  connected 
by  the  line,  i.e.,  both  in  the  transmitter  and  receiver, 
being  automatic  in  the  latter,  no  matter  whether 
there  is  or  is  not  somebody  operating  the  receiving 
apparatus.  In  the  case  of  the  owner  of  the  apparatus 
being  absent,  the  telegram  may  be  read  on  the  paper 
ribbon  on  his  return.  The  electric  printing  telegraph 
will  thus  give  two  perfectly  similar  records  of  the  same 
telegram,  one  on  the  sending  and  the  other  on  the 
receiving  apparatus. 

As  soon  as  the  beginning  key  is  pressed  downwards, 
the  circuit  of  the  transmitting  apparatus  is  completed, 
resulting  in  a  switching  roller  being  set  rotating,  throwing 
electric  currents  of  alternating  directions  into  the 
printing  telegram  circuit  and  through  the  line-relays 
connected  to  the  apparatus ;  the  latter  will  insert 
both  in  the  transmitting  and  receiving  apparatus 
local  currents  which  by  means  of  so-called  relay-magnets 
produce  the  rotation  of  the  type-wheel  from  the  initial 
position  identical  in  all  the  stations.  Now,  in  the 
case  of  a  letter  key  being  pressed  downwards,  a  peg 
attached  to  the  other  end  of  its  lever  will  strike  against 
the  rotating  switching  roller  brush,  stopping  the  latter 
and  thus  the  type-wheel  of  the  printing  telegraph. 
At  the  same  time  the  type  Levers  of  both  apparatus 
being   attracted   will   cause   the  corresponding 


to  be  printed.  As  long  as  the  key  is  pressed  down- 
wards, the  type-wheels  are  incapable  of  moving  any 
further,  thus  enabling  the  transmission  to  take  place 
at  any  desired  speed.  After  a  telegram  is  trans- 
mitted, both  the  transmitter  and  receiver  will  be 
switched  out  automatically  at  a  certain  position 
of  the  type-wheel,  the  apparatus  thus  being  stopped 
automatically.  Twelve  accumulator  cells  built  into 
a  box  serve  as  working  battery.  The  tension  of 
about  twelve  volts  as  obtaining  in  the  line  circuit 
is  so  low  as  to  exclude  any  possibility  of  an  inductive 
influence  of  printing  telegraph  circuits  on  neighbouring 
telephone  circuits. 

The  advantages  afforded  by  the  printing  telegraph 
as  compared  with  telephone  and  present  telegraph 
systems  will  be  evident.  Like  the  telephone,  the 
printing  telegraph  may  serve  for  a  direct  communi- 
cation between  two  persons  over  any  distances,  but 
for  the  additional  advantage  of  any  hearing-mistakes 
or  other  misunderstandings  being  excluded  by  the 
double  and  simultaneous  reproduction  of  the  com- 
munication in  printing.  As  above  stated,  the  printing 
telegraph  will,  at  the  same  time,  make  it  impossible 
for  a  third  person  to  overhear  communications  which 
is  even  possible  in  the  case  of  the  Morse  telegraph. 
This  is,  therefore,  the  only  means  of  communication 
enabling  despatches  to  be  kept  strictly  private. 

The  central  station  just  opened  is  fitted  with  a 
switch-board  having  indicators  and  catches  for  one 
hundred  subscribers.  Sixteen  connecting  strings  allow 
of  thirty-two  subscribers  being  simultaneously  con- 
nected, so  as  to  enable  a  simultaneous  communication 
between  a  third  of  all  the  subscribers  in  the  case  of 
the  switch-board  being  complete.  As  soon  as  a 
subscriber  presses  down  the  calling  key  of  his  teletyper, 
the  official  in  charge  of  the  indicator  board  of  the 
central  station  will  be  advised  by  the  indicator  board 
of  the  subscriber  in  question  dropping  and  an  alarm 
being  rung,  when  he  will  put  himself  in  communication 
with  the  caller,  in  order  to  ask  for  the  desired  con- 
nection, and  connect  both  subscribers  so  that  their 
apparatus  are  ready  for  direct  communication.  This 
shows  then  similarity  of  service  with  telephone  service 
and  the  great  advantage  of  any  two  subscribers  com- 
municating directly.  There  is,  however,  in  addition 
the  possibility  of  connecting  any  desired  number  of 
subscribers  to  the  same  printing  telegraph  so  as  to 
transmit  the  same  communication  simultaneously  to 
ail  the  subscribers. 

Similar  telegraphic  services  from  one  central  station 
to  a  certain  number  of  subscribers  simultaneously 
by  a  so-called  "  ticker"  have  for  some  time  been  in 
use  in  New  York,  London  and  Paris.  A  similar 
service  has  been  in  operation  also  in  Bremerhaven, 
Germany,  for  transmitting  ship  telegrams  from  one 
central  station  to  one  hundred  subscribers  in  different 
places.  The  central  station  just  opened  in  Berlin 
is  also  intended  in  addition  to  the  mutual  communi- 
cation between  the  subscribers,  to  transmit  similar 
informations  to  a  certain  number  of  subscribers, 
limiting  the  service  at  first  to  Exchange  telegrams. 
The  same  system  ot  communication  could  be  employed 
for  transmitting  telegrams  from  a  central  telegraph 
office  such  as  Renter's  to  a  certain  number  ol  newsp 
offices.  In  addition,  the  above  central  station  is 
intended    to    secure    communication    with    the    central 

raph  office  for  transmitting  or  receiving  telegrams 
through  the  State  telegraph.  The  new  system  has 
been  in  use  for  some  tune  with  great  industrial  con- 
the  Berlin  Allgemeine  Elektricitats- 
GeseUschaft  and  the  Siemens  and  Halske  for 
muhication  between  their  various  department-. 
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The  Efficient  Crushing  of  Gold  Ore. 

A  very  complete  paper  presented  by  Mr.  R.  A.  Kinzie 
to  the  American  Institute  of  Mining  Engineers  describes 
the  Treadwell  Mines  of  Douglas  Island,  Alaska. 

The  features  that  have  made  the  Treadwell  Mine  justly 
famous  are  the  mining  and  milling  at  a  profit  of  ore  that 
d  >es  not  yield  an  average  of  more  than  2  dols.  per  ton. 
The  crushers  are  located  in  the  head-frames  of  the 
us  mines,  and  are  of  the  gyratory  type.  When  the 
ore  is  hoisted  out  of  the  mine  it  is  spilled  by  self-dumping 
skips  on  a  grizzly  formed  by  i-in.  by  10-ft.  pieces  of  iron, 
bolted  together  by  i-in.  iron  bars,  and  placed  2-in.  apart 
by  disc-shaped  pieces  of  cast  iron.  The  over-size  from 
the  grizzles  goes  direct  to  the  crushers,  and  the  under-si/e 
passes  through  and  falls  into  the  ore-bins  situated  directly 
beneath  the  crushers. 

Too  much  stress,  says  Mr.  Kinzie,  cannot  be  laid  upon 
great  effect  of  efficient  crushing  as  related  to  the  duty 
and  output  of  a  stamp-mill.  This  is  particularly  true  on 
the  island,  where  the  crushing  capacity  is  in  excess  of  the 
demand  and  where  there  is  abundant  water-power  which 
practically  nothing.  During  the  past  year  the  duty 
of  the  mills  has  been  increased  over  1  ton  per  stamp  in 
irs,  and  without  a  doubt.  50  percent  of  this  increase 
has  been  caused  by  setting  the  cn^hers  to  break  the  rock 
20  per  cent,  smaller  than  before.  An  efficient  crushing- 
plant  for  mines  similar  to  the  Treadwell  would  consist 
of  four  Gates-crushers  arranged  in  pairs,  one  above  the 
other,  the  upper  to  be  of  such  a  size  that  they  would 
receive  rocks  18  by  36  in.,  and  the  lower  to  turn  out  a 
product  not  larger  than  15  in.  in  diameter.  The  rock- 
when  hoisted  would  be  dumped  on  grizzlies  with  5-in. 
spacing  bars  between  :  the  ovei-size  going  to  the  upper 
crushers  and  the  undersize  falling  on  a  second  grizzly 
with  bars  set  15  in.  apart— over-size  going  to  the  lower 
pair  of  crushers  and  under-size  passing  into  the  sto: 
bins.  The  product  from  the  upper  pair  of  coarse  crushers 
to  be  spilled  on  the  grizzly  with  bars  1-5  in.  apart,  the  over- 
size going  to  the  lower  crusher  and  the  under-size  and 
crushed  product  from  the  lower  crushers  falling  into  the 
bin.  If  the  above  method  were  used  it  would  do  away 
with  a  great  deal  of  the  bull-dozing  and  rock-breaking  in 
the  mines,  making  a  very  appreciable  reduction  in  the 
cost  of  mining. 

Machine  Drilling-  at  its  Best. 

-iderably  over  75  percent,  of  the  ore  mined  from 
the  Treadwell  has  come  from  the  open  or  surface  pits. 
Machine-drilling  is  seen  at  its  best  in  these  pits.  The  3J- 
in.  diameter  Ingersoll-Sergeant  drills,  set  on  tripods,  are 
used  in  all  the  pits  at  present.  The  average  number  of 
feet  drilled  per  machine  in  10  hours  is  36-35.  The  holes 
are  drilled  to  an  average  depth  of  12  ft,  and  each 
machine  will  break  60/69  tons  01  ore  per  shift  of  10  hours. 
When  the  pits  were  smaller,  and  the  difficulty  of  setting 
up  was  not  so  great  as  at  present,  the  average  number  of 

illed  was  much  higher,  and  the  breaking  capacitv 


of  a  machine-drill  was  from  150  to  200  tons  of  ore 
per  shift  of  10  hours.  The  pits  are  worked  by  drilling  and 
blasting  the  ore  from  a  series  of  benches  or  terraces 
around  the  chute-raise  as  a  centre,  and  when  the  ore  is 
blasted  the  broken  rock  rolls  down  to  the  bottom.  The 
small  pieces  are  then  broken  by  sledges,  and  the  larger 
ones  by  placing  sticks  of  powder  on  the  surface  of  the 
rock,  tamping  with  a  little  fine  dirt,  and  blasting.  For 
blasting  holes,  Xo.  2,  or  40  per  cent.,  dynamite  is  used, 
while  for  "bull-dozing"  Xo.  1.  or  70  per  cent.,  is  the 
best. 

When  the  rock  has  been  broken  to  the  required  size,  it 
i-  drawn  off,  through  the  raises  and  chutes  described 
e,  into  cars.  These  cars  are  hauled  to  the  station  ore- 
bins  by  horses,  or  by  endless-rope  haulage,  where  they 
are  dumped.  The  ore  is  then  loaded  into  skips,  hoisted 
to  the  surface,  and  handled  in  the  usual  manner. 

Transvaal  Coal. 

Returns  issued  by  the  Mines  Department  show  that 
during  the  last  three  months  a  check  has  been  given  to 
the  output  of  coal  in  the  Transvaal,  and  that  the  output 
of  the  year  will  fall  short  of  expectations  formed  about 
three  months  ago.  The  principal  cause  of  this  shortage 
appears  to  be  the  lessened  consumption  on  the  railways. 

Chinese  Copper  and  Antimony. 

A    correspondent    of    the    Engineering    ami    Miming 
Journal  points  out  that  China  may  in  a  few  years  be  in 
a  position  to  ship  enormous  quantities  of  copper  at  less 
than  half  its  present  cost  of  production.     China,  indepen- 
dent of  hundreds  of  miles  of  railways  now  in  operation, 
in  course  of  construction,  and  provided  for,  is  covered  by 
a  complete  network  of  rivers  and  canals,  with  a  system 
perfected  by  centuries  of  use.     The  question  of  trans- 
portation  would   probably   never    act    as   a   bar  to  the 
workings  of  any  property.     Labour  is  to  be  had  in  un- 
limited quantities,  good  and  steady,  at  rates  per  month 
than  are  usually  paid  per  day  in   other  countries. 
Coal   of  good  quality   is  there  in  enormous  quantities, 
with  other  requirements  for  mining  and  smelting,  such 
as    food    supplies   cheaper    than    in    any    other    place 
where   mining    is  now  conducted.     Within    five    years 
the     working    of    a     few     antimony     mines     in     the 
province    of    Hunan   was    commenced   under   Govern- 
ment   control,  and   were    it  not   for    this   control,   the 
offerings  from  China  would  swamp  the  market  ;  as  it  is. 
prices   of    refined    antimony   have    been    forced  down 
over  one-third  and  Chinese  antimony  ores  are  offered 
of  good  quality  at  low  prices.     The  mines  are  worked 
by  hand  labour,  with  crude  tools,  and  no  machinery  is 
used.     The  ores  as  brought  to  the  surface,  are  sorted  by 
women  and  children  and  are  broken,  where  necessary 
into    small    pieces,    hand-culled  and   dressed.     In   this 
way  the  ore  for  export  and  for  sale  is  practieally  pure . 
The   rejected  ores    are    smelted    into   crude    antimony 
by  a  primitive  method,  with  great  waste. 


<37) 


BRITISH  INDIA. 

A  ttention  is  called  to  the  fact  that  of  late  years  small 
screw-cutting  lathes  have  become  very  popular  among 
Indian  craftsmen,  who  seem  only  to  learn  the  use  of  the 
slide  rest,  and  never  that  of  the  hand  rest.  The  screwing 
tackle  of  the  English  country  blacksmith  of  50  years  ago 
would  perfectly  suit  the  ideas  of  the  Indian  workman. 

ORANGE  RIVER  COLONY. 

It  is  reported  that  there  is  every  prospect  of  small  flour- 
milling  plants  being  sold  in  the  outlying  districts  out  of 
reach  of  the  large  mills.  There  is  no  import  duty  on 
machinery. 

GERMANY. 

It  is  announced  that  work  is  soon  to  be  begun  upon  a 
steam  railway  line  between  Adorf,  Saxony,  and  Rossbach, 
Bohemia. 

SPAIN. 

Two  prizes  are  offered  for  a  complete  plan  and  estimate 
for  establishing  a  water  supply  for  the  town  of  Ferrol. 
The  plan  must  be  sent  in  within  seven  months  to  the 
Secretariat  of  the  "  Ayuntamiento  "  of  Ferrol.  The  first 
prize  is  to  be  at  the  rate  of  about  £24  per  kilometre  to  be 
covered  by  the  water-pipes  from  the  place  of  supply  to 
the  town  boundary,  and  the  second  prize  is  to  be  about 

Tenders  are  called  for  the  public  lighting  of  the  town 
of  Riveira  for  twenty  years  by  electricity.  The  competi- 
tion will  turn  on  the  annual  amount  the  contractor  is 
willing  to  accept,  the  upset  rate  being  2,616  pesetas,  or 
"r  £77,  f°r  200  lights. 

A  concession  for  99  years  without  any  subvention  from 
the  Government  has  been  granted  to  the  Minera  del 
Moucayo  Company  for  a  narrow-gauge  railway  from 
Castejou  to  Olvega. 

Tenders,  which  arc  to  he  presented  up  to  5  p.m.  on 
January  8th,  are  in  demand  for  the  work  of  the  bridge 
over  the  River  Cazin,  on  the  high  road  from  Bailen  to 
Malaga,  in  the  province  of  Granada,  at  the  upset  price 
of  79,38279  pesetas,  or  about  £2,356,  A  provisional 
deposit  of  4,000  peseta-,,  or  about  (  11S,  is  required  to 
qualify  any  tender. 


Tenders  are  required  in  Madrid  for  the  execution  of  the 
works  of  the  bridge  over  the  River  Tuerto  and  the  crossing 
of  La  Baneza,  on  the  high  road  from  Rio  Negro  to  that 
from  Leon  to  Caboalles,  in  the  province  of  Leon,  at  the 
price  of  237,605-88  pesetas,  or  about  £6,954.  Last  day  for 
upset  receiving  tender,  15th  January. 

RUSSIA. 

The  following  railways  will  be  constructed  by  the 
State  in  1904  :— Kherson-Nicolaeff,  with  a  station  in 
the  town  of  Xicolaeff ;  and  Grodno-Zelviany.  In  1905 
a  line  from  Novo-Senaki  on  the  Trans-Caucasian  rail- 
way to  Soukhoum.  Plans  are  to  be  drawn  up 
for  ihe  laying  down  of  a  railway  to  connect 
Petrozavodsk  with  the  Mourman  coast  via  Kemi. 
Yelten  and  Guillaume  Company  have  been  asked  to 
estimate  for  the  laying  of  a  telegraph  cable,  82  versts 
long,  across  Lake  Baikal.  The  depth  of  the  lake  is  said 
to  vary  between  600  and  900  sagenes.  The  cable  would 
be  similar  to  the  Atlantic  cables.  A  despatch  has  been 
received  at  the  Board  of  Trade,  pointing  out  that  there 
will  be  an  opening  on  a  large  scale  for  refrigerating 
plant,  cooling  apparatus,  and  ice-making  machinery  in 
the  slaughter-houses  which  it  is  proposed  to  erect  at 
Warsaw.  Another  despatch  reports  that  the  Russian 
Government  has  decided  to  construct  an  electric  railway 
between  Sevastopol  and  Yalta,  to  pass,  vid  Balaclava, 
Bida,  Aloupka,  and  Livadia. 

CUBA. 

Inquiries  have  been  made  through  the  Board  of  Trade 
for  the  names  of  manufacturers  in  this  country  oi 
machinery  for  extracting  the  fibre  of  the  henequen  or  >t 
other  textile  plants,  like  sisal,  ramie,  etc.,  in  their  raw 
condition,  as  well  as  for  the  manufacturing  of  mats,  bats, 
sails,  bags,  etc.,  of  the  same  fibres 

ARGENTINA. 

The  Congress  will    deal   with    the    revised    project  in 
regard  to  the  construction  Of  a  dry  dock  at  San  Juan,  and 
the  construction  oi   a    railway    from    Ro-ario  to  1': 
Militor. 
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A    Monthly   Review  of  the   leading   Papers  read   before   the  various  Engineering  and 
Technical   Institutions   of   Great  Britain. 


SCREW   PROPULSION   FOR 
WARSHIPS. 


IN  the  course  ot  an  important  paper  on 
Screw  Propulsion  for  Warships,  read 
before  the  Royal  United  Service  Institution, 
Fleet-Engineer  G.  Quick,  R.X.  (retired),  re- 
marked that  : — 

Forty    years    of    practical    experience,    and    ti 
years   of    model    experiments   had    failed    to   produce 
any    substantial    improvements    in    ships'    propellers ; 
but  nevertheless,  within  the  last  few  months  we  have 
had  the  speed  of  the  Drake  and  Hyacinth  increased  by 
one  knot,  and  the  speed  of  the  "County"  class  increased 
to    237    knots,    which    would    have    been    impossible 
if   the   generally   accepted    theories   of   ship   resistance 
at  high  speeds  had  been  correct.     Great  as  this  increase 
in  maximum  speed  has  been,  I  am  convinced  that  a 
further    series    of    experiments    will    prove    that    even 
-till  greater  maximum  speeds  can   be  obtained   from 
all  our  modern  ships  by  the  simple  and  inexpensive 
plan  of   fitting   them   with   new   screws.     The  COS 
such    trials    and    erf    ritting    new    propellers    would    be 
infinitely  small  compared  with   the  great  advantages 
to  be  gained  both  in  maximum  speed  and  in  economy 
id. 
The  enormous  value  of  the  Admiralty  improvement 
te  Drake's   screw  must   be  apparent   to  all.      But 
this  improvement   having   been   effected,   the  question 
s':    Is  it  possible  to  make  a  further  improvement 
in  the  propellers  of  those  ships  so  as  to  drive  them  at 
-till  higher  speeds  with  the  same  horse-power  ?    Experi- 
ments alone  on  one  of  these  vessels  can  show  exactly 
how    much   the   maximum    speed   of   those   ships   can 
be  increased,  but  I  venture  to  say  that  by  some  con- 
siderable changes    in  the    present    form  of    the    screw 
propellers  there  is  every  probability  of  an  incre.-- 
-peed   of   at    least   one   knot   being   attained   with   the 
-ame     maximum     horse-power — or,     in    other    words, 
that  the  speed  of  the  Drake  class  can  be  increased  to 
twenty-rive  knots  with  the  present  boilers  and  engines, 
and    with    practically   the   same   coal   consumption   as 
resent.     To  effect   this,   the  proposed  new  screws 
would  have  to  be  more  efficient  than  the  large  screws 
the  Drake   to   the   extent   of  4,800  i.h.p.     And   as 
the  large  screws  of  the  Drake  gave  a  speed  equivalent 
to  an  increase  of  io,w  i.h.p.  over  the  original  small 
-crews.  I  do  not  consider  that  twenty-rive  knots  is  an 
extravagant    estimate    for    the    speed    of    the    Drake 
with  propellers  still  further  improved  in  design. 

Incidentally  the  author  said  he  did  not  admit 
that  the  tank  experiments  which  are  being  made 
in  this  country  and  abroad  have  the  same  value  as 
experiments  made  0.1  full-sized  ships  in  deep  water. 
Tank  experiments  on  models  indicate  the  direction 
in  which  investigations  should  be  made,  but  the}-  are 
not  to  be  relied  on  in  all  cases  for  the  formation  of 
hard  and  fast  rules  for  the  design  of  all  classes  of 
propellers.  The  most  valuable  contribution  which 
has  been  made  of  late  years  to  the  solution  of  the 
resistance  of  ships  is  the  discovery  of  the  influence 
>f  the  depth  of  water  on  the  resistance  and  speed  of 
-mips. 

In  the  course  of  further  remarks  the  author  said  : 
I  do  not  claim  that  any  definite  laws  can  be  deduced 
from  my  model  experiments  on  the  reduction  of  the 
resistance    to   rotation   of   blade  surfaces,   curved   and 


receding,  such  as  I  propose,  but  so  far  as  my  experin 
and  speculative  investigations  go,   they  show  that  by 
reducing  the  width  ot  the  blades  very  considerably 
the  boss,  and  by  curving  and  receding  the  bla  I 

-cribed,    the   resistance    to   rotation    may    b^ 
diminished    that    from    thirty   to   fifty    |  less 

power   will   have   to   be   expended   on    rotation   only 
and  that  the  power  so  saved  from  reduced  re-istance 
to  rotation  may  be  expended  : — 

1.  In  giving  a  higher  number  of  revolutions  to  the 
curved  bladed  screw  of  pitch,  diameter,  and  area, 
equal  to  the  ordinary  screw  with  radial  blades,  and 
a  higher  speed  of  hull ;    or, 

I  hat  the  screw  with  the  curved  receding 
if   of   the   same   diameter   and    pitch,    may   have    the 
width  of  the  end  of  the  blades  very  much 
without  the  revolutions  of  the  engines  and  the  maximum 
power  of  the  engines  being  increased  or  reduced  thereby, 
and  that  such   increased  area   at  the  end  of  :■' 
and  reduction   of  width   near  the  boss  would  lead  to   a 
considerable    increase    in    the    maximum  the 

ship   and  large  reduction   in   the   number  of   ret  nations 
required  per  minute  to  obtain  any  required  speci  ;    or 

3.  For  very  long  ships  of  fine  lines  the--  irved 
receding  blades,  with  wide  ends,  may  have  the  same 
diameter  and  total  area  as  ordinary  blades,  out  a 
higher  pitch-ratio  in  order  to  obtain  high  speed  of 
hull  with  a  moderate  number  of  revolutions  per 
minute.  If  in  this  case  it  were  found  that  insufficient 
revolutions,  i.h.p.,  and  speed  were  attained,  the 
question  whether  the  pitch  ought  to  be  reduced. 
or  the  blades  reduced  in  diameter,  must  be  ascertained 
from  calculations  made  on  the  results  obtained  by 
that  particular  ship  and  propeller. 

The  total  changes  in  screw  propeller  design  I  propose 
to    effect    are  considerably   wider   than    those    I    have 
brought  to  your  notice  at  present  ;    and  here  I  would 
point  out  that  a  change  of  propellers  can  I 
at    less   cost    than    any   changes    in   connection    with 
boilers   and   engines,    and    that    such   changes   cannot 
give  rise  to  any  trouble  after  they  have  been  adopted. 
Every  saving  of  power  and  increase  of  speed  by  the 
screw  propeller  which  may  be  effected  is  of  the 
far-reaching  value  in  war  and  commerce,  and  cannot 
introduce    any  countervailing    disadvantages,  such  as 
sometimes   attend    the   introduction   of   new    for: 
engines  or  types  of  boilers. 

Here  I  must  state  that  I  am  aware  that  in  pro- 
posing to  increase  the  width  of  the  end  of  the  blades, 
T  am  reverting  towards  the  earlier  form  of  blade  — 
and  abandoning  the  fashion  introduced  by  the  late 
Mr.  Griffiths.  But  I  must  point  out  that  the  conditions 
now  are  different  from  what  they  were  forty  or  even 
fifteen  years  ago  ;  also  that  the  locality  of  the  propelling 
mrface   is  of  as  great   importance   as  th  *n   of 

the  area  of  that  surface  to  the  maximum  i.h.p.  For 
one  square  foot  of  surface  at  or  near  the  periphery  is 
equivalent  to  at  least  eight  square  feet  at  or  near  the 
semi-radius  of  the  blade.  Thus  it  is  rxissible  to  have 
propeller  blades  of  100  square  feet  of  area  arranged 
with  narrow  ends  and  great  width  near  the  boss, 
and  yet  making  more  revolutions  with  a  given  h.p.. 
and  giving  less  speed  and  efficiency  than  another 
propeller  of  the  same  pitch  and  diameter,  and  less 
total   helicoidal   area,    but   having  idth    at  the 

ends  of  the  blades  and  less  width  near  the  boss. 

It  has  required  many  years  of  scientific  research 
and  hundreds  of  trials  to  bring  the  ordinary  radial- 
surfaced  screw   to  its  present   condition  of  efficiency 
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and  I  therefore  trust  that  the  system  I  propose  may 
have  a  few  preliminary  trials  in  order  to  develop 
its  highest  possibilities.  A  large  number  of  trials 
of  vague,  rule-of-thumb  changes,  is  not  desired,  and 
is  not  necessary,  but  certain  developments  should 
be  proceeded  with  cautiously,  according  to  the  indi- 
cations progressively  given  by  the  earlier  trials  which 
may  be  made  by  this  propeller. 

MULTIPLE     PROPELLERS. 

Multiple  propellers  were  employed  nearly  fifty 
years  ago,  and  the  turbine  system  is  bringing  them 
again  into  notice.  For  nearly  thirty  years  I  have 
advocated  triple  propellers,  with  three  isolated  engine- 
100ms,  in  order  to  obtain  as  much  security  as  possible 
for  some  portion  of  the  propelling  power  during  battle. 
There  are,  in  my  opinion,  as  a  mere  sea-going  engineer, 
a  dozen  good  reasons  for  the  adoption  of  triple  pro- 
pellers in  large  high-speed  ships  for  every  single  reason 
urged  against  it.  I  cannot  consider  that  certain 
foreign  Powers,  such  as  Russia,  France,  and  Germany, 
have  been  hasty  and  injudicious  in  adopting  triple 
propellers  for  their  large  warships.  Germany,  alone, 
has  nearly  forty  large  warships  built  and  building 
with  triple  propeders,  and  I  hope  that  we  may  soon 
give  triple  propellers  a  trial  in  some  very  large  ships. 
Admiral  Melville,  of  the  United  States  Navy,  has  so 
admirably  stated  the  case  for  triple  screws  that  I 
have  nothing  to  add  to  that  which  he  has  said. 

The  introduction  of  triple  screws  in  vessels  where 
there  is  an  installation  of  over  20,000  h.p.  is  just  as 
logical  a  development  of  machinery  design  as  the 
introduction  of  twin  screws  was  a  generation  ago. 


EXPERIMENTS  ON  THE  EFFICIENCY 

OF  CENTRIFUGAL  PUMPS. 

TX  this  paper,  read  before  the  Institution 
-■-  of  Mechanical  Engineers,  the  author, 
Mr.  Thomas  E.  Stanton,  D.Sc,  describes  a 
number  of  experiments  which  he  made  in  the 
Hydraulic  Laboratory  of  University  College, 
Bristol,  in  order  to  obtain,  if  possible,  further 
information  on  the  losses  of  efficiency  in  these 
pumps,  and  the  means  of  reducing  them. 
The  author's  conclusions  were  as  follows  : — 

1.  In  high-speed  wheels,  i.e.,  wheels  in  which  the 
velocity  of  the  tips  of  the  vanes  exceeds  40  ft.  per  second, 
the  effect  of  moderately  recurving  the  vanes  at  the  outlet  is 
beneficial  (especially  when  the  water  is  discharged  into  a 
free  vortex),  the  curvature  being  such  that  the  velocity  of 
flow  ot  water  through  the  wheel  is  uniform. 

2.  Wheels  which  discharge  the  water  into  guide 
passages  give  a  higher  efficiency  than  those  which  dis- 
charge  the  water  into  a  free  vortex,  this  advantage  being 
more  marked  in  the  case  of  wheels  with  radial  vanes 
than  in  the  other  type. 

3.  The  number  of  guide  passages  should  be  not  less 
than  four,  and  the  areas  at  inlei  should  be  such  that  the 
velocity  of  How  into  the  passages  should  be  equal  to  the 

velocity  of  discharge  from  the  wheel,  to  avoid  losses  from 
sudden  changes  of  velocity. 
As  regards  any  modification  of  the  existing  design  of 

centrifugal  pumps,  the  author  ventures  to  suggest  that 
increased  efficiency  and  considerable  economy  in  material 
and  space  occupied  would  result  in  the  adoption 
high-speed  pump  driven  direct  from  the  motor  and  de- 
signed on  the  principles  laid  down  above.  For  dealing 
with  very  large  quantities  of  water  at  a  low   lift,  no  doubt 


the  present  slow-speed  pump  driven  direct  from  a  steam 
engine  has  great  advantages,  but  for  supplying  moderate 
quantities  of  water  at  high — or  moderately  high  lifts  — 
the  high-speed  motor-driven  pump  is  very  suitable. 
When  the  simplicity  of  construction  and  small  cost  of 
centrifugal  pumps  is  considered,  it  seems  remarkable 
that  the  use  of  them  should  be  so  limited.  This  is  per- 
haps due  to  the  impression  which  has  till  recent  years 
prevailed  that  these  pumps  were  useless  at  other  than 
quite  low  lifts.  Now  that  their  adaptability  and  satis- 
factory working  at  high  lifts  is  being  recognised,  there 
seems  every  reason  to  suppose  that  they  will  come  into 
use  in  many  cases  where  reciprocating  pumps  have 
hitherto  been  solely  employed. 


THE   USE   OF   COPPER   FOR  STEAM 
FITTINGS. 

ACCORDING  to  Mr.  W.  E.  Storey,  who 
read  a  paper  on  "Some  Applications  of 
Copper  in  Engineering  Practice  "  at  a  meeting 
of  the  Manchester  Association  of  Engineers,  an 
impression  prevails  that  as  a  material  for  use 
in  the  construction  of  pipes  and  vessels  in 
connection  with  steam  service,  copper  at  the 
present  time  is  under  a  cloud. 

The  conditions  under  which  it  was  now  frequently 
applied  had  increased  in  stringency,  particularly  along 
the  lines  of  higher  pressures  and  temperatures,  and  largely 
because  of  a  lack  of  progress  in  design  to  meet  these 
conditions,  due  to  a  want  of  knowledge  of  the  possibilities 
and  limitations  of  the  metal.  He  hoped  to  be  able  to 
show  how  by  careful  attention  to  design  on  the  part  of  the 
-  engineer,  and  to  production  and  treatment  on  the  part  of 
those  who  combined  to  supply  him  with  either  the 
materials  for  his  own  manipulation,  or  the  finished  copper 
products,  the  advantages  which  undoubtedly  attended  the 
use  of  copper  and  its  alloys  might  be  safely  utilised. 

The  main  claims  that  copper  had  to  consideration,  and 
in  fact  to  pre-eminence  imongst  the  metals  of  commerce, 
so  far  as  its  special  qualities  were  concerned,  were  (a)  its 
high  electrical  conductivity,  (b)  its  capacity  of  conducting 
heat,  (c)  its  extreme  ductility,  and  (d)  its  resistance  to 
corrosion.  On  the  first  of  these  he  had  nothing  now  to 
say  ;  the  second  and  third  taken  together  might  be  said 
to  be  of  extreme  importance  to  engineers  ;  while  the  last 
also  had  its  interest,  for  such  uses  of  copper  as  the  manu- 
facturing chemist,  the  calico  printer  and  bleacher. 
Copper  gained  its  place  in  the  regard  of  engineers 
because  of  its  unequalled  power  of  transmitting  heat  and 
its  great  ductility,  which  enabled  it  to  be  worked  into 
intricate  forms  with  ease  to  the  operator  and  without 
fatigue  to  the  metal.  A  common  cause  of  deterioration 
in  the  quality  and  strength  of  copper  was  its  contact 
whilst  hot  with  a  reducing  gas.  These  conditions  caused 
a  chemical  change  in  the  copper,  rendering  it  brittle,  and 
the  effect  could  easily  be  produced  on  the  brazing  hearth 
by  allowing  the  tire  to  be  sluggish  and  short  of  the 
requisite  amount  of  air-bl  ist.  Carelessness  in  that  respect 
•m  the  part  of  the  workman  was  one  of  the  most  serious 
dangers  copper  had  to  meet. 

Although  copper  had  many  virtues,  as  a  material  tor 
the  use   of  engineers,  there  were  certain  faults  attaching 

to  it.     Amongsl  these  were  the  following  :  For  the  con 

ductivitv    ol     either    electricity    or    heat    purity    was    an 

advantage,  but  chemical!}  pure  copper  had  very  little 
resistance  to  wear.  Its  ductility  formed  its  most  impor- 
tant advantage  to  the  coppersmith  and  the  makers  oi 
plates,  tub  tnd  so  forth  ;  but  this  ductilitj 
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gained  at  the  cost  of  a  very  low  elastic  limit.  Notwith- 
standing the  loss  of  strength  resulting  from  subjection  to 
high  temperatures  and  to  the  action  of  certain  gases, 
copper  remained  incomparably  the  best  material  for 
many  purposes  in  the  general  practice  of  engineers. 


THE    TRANSMISSION     OF     POWER 
BY    ROPES. 

AVERY  complete  paper  on  the  Trans- 
mission of  Power  by  Ropes  was  read 
at  a  meeting  of  the  Staffordshire  Iron  and  Steel 
Institute  by  Mr.  Edwin  Kenyon. 

Remarking  that  rope  driving  may  be  divided 
into  two  leading  branches,  known  as  the  Ameri- 
can or  Continuous  System,  and  the  English  or 
Individual  System,  the  author  carefully  exam- 
ined the  relative  value  of  each.  He  first  dealt 
with  the  American  or  Continuous  System — 
that  of  winding  a  long  rope  round  and  round 
the  pulleys,  and  then  carrying  it  from  side  to 
side  as  it  completes  the  circuit,  by  means  of  a 
jockey  pulley  fixed  at  the  required  angle. 

This  system,  it  will  be  observed,  necessitates  a  series 
<>t  deflections  from  the  straight  driving  path.  causing 
the  rope  to  assume  the  form  of  an  elongated  spiral,  and 
netting  up  a  one-sided  pressure  in  the  grooves  until  it  (the 
rope)  passes  on  to  the  arcs  <  >f  contact.  If  the  weight  upon 
the  "'jockey''  pulley  is  so  arranged  as  to  merely  take  up 
the  slack  and  balance  the  driving  tension  of  that  part  of 
the  rope  which  it  controls,  then  the  frictional  loss  due  to 
carrying  the  rope  across  the  pulleys  is  not  a  very 
damaging  factor  :  but  when  it  is  overloaded  with  a  view 
to  levelling  up  the  entire  drive,  the  strain,  as  may  be 
imagined,  is  very  materially  increased,  without  accom- 
plishing its  object. 

In  order  to  understand  better  this  method  of  driving. 

let  us  introduce  ourselves  to  what  was.  up  to  a  short  time 

one  of  the  best  examples  on  this  side  of  the  Atlantic. 

but  which  is  now  transformed  to  the  single  rope  system 

GRAIN     ELEVATOR     DRIVING. 

In  this  instance  the  full  load  was  transmitted  from  the 
:e  to  the  main  shaft  by  separate  cotton  driving  ropes. 
and  then  conveyed  to  grain  elevators  by  means  of  Manilla 
ropes,  fitted  up  on  the  American  system  by  the  firm  sup- 
plying the  machincrv.  When  in  full  action  this  continuous 
chive  displayed  a  most  interesting  phenomenon,  which 
ottered  rebutting  evidence  to  the  much-vaunted  tension 

ility  theory.  Looking  directly  down  the  driving  line, 
a  distinct  deviation  from  the  presumed  horizontal  plant- 
was  observable  along  the  whole  width  of  the  drive.  At 
jintnencement  of  its  circuit  the  rope  was  seen  to 
reach  its  highest  tension,  from  which  it  gradually  declined 
at  regular  intervals,  marked  by  its  passage  from  groove 
t  ■  groove,  reaching  its  lowest  point  at  the  last  lap,  to 
renew  and  repeat  the  operation  so  long  as  it  continued 
to  wr.rk.  When  we  take  into  consideration  that  the 
grooves  form  part  of  the   driving  pulley,  and  are  not 

!  sheaves  like  those  of  a  pair  of  blocks,  it  will  be 
readily  understood  that  the  wedging  action  prevent-  any 
interference  with  the  original  tension  at  which  the  rope 
is  fixed,  save  by  the  strain  on  the  working  side,  unless 
the  rope  stretches  unduly,  or  is  made  to  slip,  and  that 
such  a  process  would  he  fraught  with  loss  of  power. 

Doubtless  the  greatest  hindrance  to  the  general  adop- 
tion of  the  American  system  for  all  purposes  is  the  fact 
that  dependence  has  to  be  placed  upon  one  rope  :  should 


that  fail,  the  driving  must  stop  until  it  is  replaced.  With 
the  separate  rope  system,  an  excess  of  the  actual  power 
required  being  usually  provided,  the  replacement  of  a 
rope  may  await  a  convenient  season,  and  that  without 
detriment.  We  do  not  propose  a  wholesale  condemnation 
of  this  system  ;  there  are  circumstances  where  continuous 
rope  driving  may  be  adopted  with  advantage  over  other 
methods— for  instance,  in  its  application  to  paper- 
making  machinery,  and  under  other  awkward  conditions. 
An  advocate  of  continuous  driving  recommends  pulleys 
of  not  less  than  sixty  times  the  diameter  of  the  ropes. 

THE     INDIVIDUAL     ROPE     SYSTEM. 

The  author  proceeded  to  discuss  at  length 
the  considerations  bearing  upon  the  relationship 
of  ropes  with  pulleys,  under  the  conditions 
governed  by  the  Individual  System.  He  re- 
marked  that — 

The  absolute  point  of  detraction  in  power  from  the  em- 
ployment of  relatively  small  pulleys  cannot,  of  course,  be 
determined  with  mathematical  accuracy,  by  reason  of  the 
elastic  medium  with  which  we  have  to  deal,  which 
elasticity  varies  with  almost  every  make  of  rope. 
We  must,  therefore,  be  content  to  declare  a  position 
between  the  extreme  limit  where  the  bending  faculty  of 
a  rope  ceases  to  exert  its  influence,  and  the  radius  con- 
trolling the  highest  capability  with  which  we  are 
acquainted.  By  reason  of  the  great  disparity  in  elasticity 
between  cotton  and  Manilla,  what  is  known  as 
"  permanent  set  "  li.c.  where  elasticity  altogether  ceases) 
being  reached  at  a  very  much  earlier  stage  in  the  tension 
of  the  last  mentioned,  is  has  been  found  necessary  to  fix 
the  smallest  pulley  diameter  at  50  per  cent,  greater  than 
that  of  a  cotton  rope.  For  the  efficient  transmission  of 
power,  the  smallest  pulley  used  with  cotton  ropes  should 
not  be  less  than  30,  and  with  Manilla  45  diameters,  unless 
extra  rope  power  is  added  to  make  up  for  loss  of  grip. 

GRCOVE3. 

The  paper  contained  a  number  of  useful 
1  awkward  conditions  of  rope 
transmission,  and  some  valuable  information 
on  the  subject  of  grooves.  The  author  des- 
cribed the  latter  as  the  most  important  item 
in  the  whole  economy  of  rope  transmission, 
at  least  so  far  as  mechanical  arrangements  are 
concerned.     Incidentally  he  remarked  that — 

At  one  time  it  was  an  accepted  theory  with  many 
engineers  that  grooves  should  bear  some  resemblance  to 
the  rope  itself,  and  therefore  curved  sides  were  introduced 
in  the  belief  that  they  afforded  a  necessary  easement  to 
the  rope  when  leaving  the  grooves.  When  grooves  of 
this  description  are  employed  we  generally  find  it 
necessary  to  increase  the  diameter  of  the  rope  to  the 
utmost  limit,  not  only  to  make  up  for  loss  of  power,  but 
to  prevent,  as  far  as  possible,  the  rolling  action  often 
induced  thereby. 

The  angle  at  which  driving  rope  grooves  are  con- 
structed vary  as  much  as  from  54  degrees  to  15  degrees, 
the  latter  being  applied  to  the  driving  of  cotton  machinery 
with  small  bands,  and  from  the  results  obtained  it  would 
appear  that  every  diameter  of  rope  has  its  most  appro- 
priate angle.  While  this  need  not  be  carried  to  the 
extent  of  providing  a  range  of  templets  to  cover  all  si/es. 
some  line  of  demarcation  between  the  acute  and  abtuse 
is  advisable. 

One  firm  of  engineers  w^rks  to  four  different  angles, 
beginning  with  30  degrees  for  small  ropes,  from  ;'  in.  to 
i  in.  diameter.  36  degrees  from  1  in.  to  i^  in.,  40  degrees 
from  t<in.  to  1 ;  in.,  and  45  degrees  from   if  in.  to  2  in 
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What  we  advocate  is  30  degrees  for  all  driving  ropes 
under  i|  in.  diameter  and  40  degrees  for  all  above  that 
si/e,  including  the  2  in.  diameter.  Indeed,  from  what 
we  know  of  the  working  of  i£  in.  ropes  in  angles  of  29 
degrees,  we  have  no  hesitation  in  declaring  our  belief  in 
the  keener  angle  for  all  diameters,  excepting  the  small 
machine  bands.  Acute  grooves  certainly  afford  a  check 
against  revolving  action. 


ADDRESS    BY    THE    PRESIDENT  OF 

THE  INSTITUTION  OF  ELECTRICAL 

ENGINEERS. 

JA bstract  continued.) 

THERE  were  now  established  in  Great  Britain  13 
two-phase  and  5  three-phase  stations,  exclusive 
of  power-transmission  stations.  In  29  cases  supply 
was  given  on  two  or  even  more  systems.  Many 
ot  the  alternating-current  stations  had  taken  up  the 
supply  of  direct  current,  others  had  added  two-phase 
or  three-phase  supply  to  their  single-phase  service, 
or  had  changed  over  completely  to  one  of  these.  The 
direct-current  system  appeared  to  be  in  no  immediate 
danger  of  supersession,  in  part  owing  to  the  raising 
of  the  voltage,  and  <he  consequent  possible  extension 
of  the  service  area:  The  number  of  voltages  in  use 
was  somewhat  confusing,  and  presented  to  the  "Standards 
Committee  a  difficult  problem  to  solve.  These  voltages 
now  amounted  to  about  16,  and  out  of  289  examples 
of  pressures,  nearly  one-third  were  declared  at  230, 
more  than  one-sixth  were,  given  as  220,  while  voltages 
of  240,  200,  and  100  claimed  about  one-eighth  each. 
There  were  between  50  and  60  stations  which  revelled 
in  more  than  one  declared  pressure.  The  extent  to 
which  the  change  from  one  voltage  to  another  had 
taken  place  might  be  judged  from  the  fact  that  in 
234  cases  the  pressure  was  upwards  of  200  volts ; 
64  supply  current  both  above  and  below  200,  and  there 
were  only  29  whose  supply  was  entirely  under  200  volts. 
Since  the  establishing  of  the  Portrush  electric 
tramway  in  1883  the  electrical  engineer  had  encroached 
on  the  field  of  the  tramway  engineer,  and,  consequently, 
the  purely  tramway  work,  as  apart  from  the  electrical 
work,  had  often  shown  the  mark  of  the  active,  clever, 
but  untrained  mind,  impossible  curves  and  grades 
being  attempted,  and  unnecessarily  expensive  work 
being  done.  There  had  been  some  advantage  in 
this,  no  doubt,  as  the  experience  gained  by  these 
works,  although  expensive,  had  tended  to  improve- 
ments in  practice.  There  was  an  American  manner 
in  this  mode  of  procedure  which  led  to  a  free  use  of 
the  scrap  heap.  The  golden  rule,  "  Be  sure  you  are 
right,  and  go  ahead,"  was  the  best  to  follow,  but  it 
often  happened  that  one  died  and  was  taken  from 
the  arena  before  even  the  first  part  of  the  rule  was 
complied  with.  On  the  whole,  therefore,  it  was 
perhaps  as  well  that  chance  should  be  allowed  to  play 
its  part,  and  that  activity  and  energy  should  not  be 
troubled  with  a  too  severe  bearing-rein.  Already 
many  oi  the  paymasters  were  questioning  the  Bcrap- 
heap  theory,  as  they  knew  by  experience  that  this 
was  often  evolved  from  nothing  I >  1 1 1  ,1  craving  for 
change  and  a  want  of  appreciation  oi  the  true  value 
of  money  on  the  part  oi  their  advisers.  These  remarks 
were  made  with  no  desire  to  convey  the  idea  that  work 
in   this  country  was  not   carried  out   conscientiously 

and    well,    but    rather    witli    the    view    "t    suggesting    a 

curbing  of  the  expenditure  ot  money  which  produced 


a  semblance  for  the  moment  of  unbounded  prosperity, 
while  in  reality  it  only  meant  riding  full  gallop  for 
a  fall.  If  the  fall  should  occur,  the  many  men  who 
were  entering  the  ranks  every  day  and  swelling  the 
numbers  would  find  their  prospects  blighted  owing 
to  a  disturbance  of  the  trust  which  was  placed  in 
the  electrical  engineers  of  to-day  by  those  who  supplied 
the  sinews  of  war.  Mr.  Gray  therefore  thought  it 
incumbent  on  every  electrical  engineer  to  carefully 
weigh  every  recommendation  he  might  make,  not  from 
the  point  of  view  of  immediate,  but  rather  from  that 
of  ultimate  efficiency,  and  to  deal  with  everv  possible 
factor  in  drawing  his  estimates. 

THE     ELECTRIFICATION     OF     RAILWAYS. 

The  application  of  electric  traction  to  our  railwavs 
was  progressing.  At  present  the  sections  which  were 
being  dealt  with  were  those  which  had  a  great  traffic 
density  or  a  frequent  service.  Th-s  policy  was  doubt- 
less a  wise  one,  as  the  railway  companies  limited  the 
application  of  a  considerable  capital  expenditure  to 
the  best  paying  division  of  their  lines,  and  to  those 
portions  where  the  benefits  to  be  derived  were  the 
most  apparent.  During  the  current  year  the  first 
section  of  the  Metropolitan-District  Railway  conversion 
had  been  made,  and  it  was  expected  before  March 
of  next  year  that  the  Moorgate  Street-Drayton  Park 
and  Drayton  Park-Finsbury  Park  sections  of  the 
Great  Northern  and  City  Railway  Company  would 
be  in  operation.  The  Mersey  Tunnel  Railway  had 
been  completed,  and  the  conversion  of  the  Wirral 
Railway  was  under  consideration.  The  North-Eastern 
Railway  had  had  trial  runs  along  Tyneside,  and  good 
progress  was  being  made  with  the  Liverpool-Southport 
line.  The  Central  London  Railway  was  completing 
the  change  from  locomotive  to  motor-car  driving. 
The  motor-car  system  was  generally  accepted  as  the 
best  form  for  passenger  traffic  for  many  reasons  which 
need  not  be  recapitualted.  The  direct-current  system 
at  500  to  700  volts  appeared  to  remain  as  a  standard 
for  railway  work  of  this  class,  as  well  as  for  tramway 
work,  but  there  were  signs  that  single-phase  alternating 
current  might  prove  a  rival.  In  the  United  States 
the  Washington  Annapolis  Railway  was  being  equipped 
with  an  overhead  system,  which  would  deliver  direct 
to  the  motors  a  single-phase  current  at  3,000  volts. 
The  three-wire  system  of  feeding  tramways  and  rail- 
ways, though  not  without  examples  abroad,  had  not 
been  adopted  in  this  country  save  on  the  City  and 
South  London  Railway,  where  it  seemed  to  have 
proved   satisfactory. 

ACCUMULATORS. 

Although  accumulators  wire  being  extensively  used 
for  private  carriages  in  London  and  elsewhere,  yet 
this  country  had  not  seen  its  way  to  employ  them  for 
rail  or  tramways.  In  Italy  and  Germany  some  use 
was  made  of  them,  and  it  was  stated  that,  as  the  result 
of  two  years'  working  on  lines  running  out  of  Bologna, 

the  cost  of  battery  traction  had  proved  38  per 
cheaper    than    steam.      The    use    of    storage    bat! 
locomotives  in  America   for1  shunting  and  mine  work 
appeared  worthy  oi   mention,  as  it   seemed   t->  have 
attained  considerable  proportions,  and  to  have  pi 
successful  m  practice. 

The    address    also     dealt     with    the    growth    "t     the 

institution,  touched  upon  some  oi  the  most  notable 
electrical  projects  at  present  in  progress,  surveyed 
the  status  ot  submarine  telegraphy,  briefly  reviewed 
tlie  work  oi  tin-  Engineering  Standards  Committee 
and  (ailed  attention  to  the  present  functions  ■ 
chemistry. 
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'PRACTICAL   CONSTRUCTION  OF  ELECTRIC 
TRAMWAYS." 
By    William    R.    Bowker,    C.E.,    M.E.    E.    and     I".  X. 
Spon,  Ltd.     (s.  net. 

An  excellent  treatise  on  electric  tramway  construction 
with  numerous  diagrams.  The  author's  treatment 
being  essentially  practical,  he  at  once  dips  into  the 
question  of  laying  out  the  permanent  way.  Chapter  II. 
i:>  devoted  to  the  preparation  of  a  substantial  road  bed 
foundation,  without  which,  as  the  author  points  out, 
it  is  useless  to  expect  reliable  results.  With  the  aid 
of  numerous  diagrams,  he  then  describes  the  laying 
of  the  rails,  plate  laying,  bonding,  etc.  As  to  the  com- 
pletion of  roadways,  the  author  notes  that  no  pave- 
ment has  yet  been  discovered  with  so  long  a  life  as 
traniu  sett  pavement,  properly  laid  with  judiciously 
granite  or  syenite.  There  is  a  good  deal  of 
useful  information  anent  wood-paving.  The  details 
connected,  with  the  overhead  equipment  are  carefully 
considered,  and  the  author  includes  notes  and  details 
•  a  materials  used  in  the  construction  of  the  Manchester. 
Brighton,  Lancaster,  and  other  well-known  tramway 
undertakings.  It  is  highly  important  and  desirable 
to  be  able  to  localise  faults  in  the  tramway  system, 
and  a  whole  chapter  is  therefore  devoted  to  the  tesl 
and  maintenance  of  electric  tramways.  It  is  intended 
in  the  near  future  to  increase  the  scope  of  the  work, 
and  to  introduce  some  additional  information  relating 
chiefly  to  the  slotted  conduit  system  of  electric  traction, 
and  also  to  electric,  street,  underground,  and  elevated 
railway  systems.  In  the  short  space  of  1 1 1  pages 
the  author  has  given  a  most  instructive  view  of  the 
practical  construction  of  electric  tramways. 


"WATER  SUPPLY." 
iandbook  on   the  Condit.  mine 

the  Selection  of  Sources  and  the  Distribution  of 
Water.     Bv  Reginald  E.  Middleton.  M.Inst.C.E., 
M.l.Mech.E..    F.S.I.     Charles     Griffin     am: 
Ltd.     8s.  6d.  net. 

The  engineering  student  will  here  find  an  excellent 
compendium  of  the  subject,  in  which  special  prominence 
has  been  given  to  such  questions  as  the  qualit 
water,  the  interpretation  of  analyses,  the  stability 
of  masonry  dams,  the  flow  of  water  through  pipes, 
and  the  general  application  of  mathematics  to  the 
subject.  Incidentally,  the  author  calls  attention  to 
the  fact  that  there  are  but  few  rivers  and  streams  in 
England  which  are  accurately  and  systematicallv 
gauged.  One  of  the  tirst  questions  to  be  answered  in 
designing  new  water  works  is  the  amount  of  rainfall 
in  the  district  under  consideration,  yet,  notwithstanding 
the  labours  of  Professor  Symons,  his  successor.  Mr. 
rby  Wallis,  and  others,  the  information  obtained 
is  far  from  perfect.  The  writer  is  strongly  of  the  opinion 
that  the  utmost  publicity  should  be  given  to  all  the 
knowledge  which  exists  on  the  subjects  referred  to  ; 
but  the  work,  to  be  complete,  should  not  be  directlv 
in  the  lands  of  private  individuals,  but  of  conservators 
of  the  several  drainage  areas  into  which  the  countrv 
should  be  divided  for  purposes  of  the  prevention  of 
pollution  of  rivers  and  streams,  water  supplv.  and 
drainage.     Their  duty  should  consist  in  safeguarding 


the  waters  under  their  authority  from  pollution, 
in  utilising  them  to  the  best  advantage  both  from  a 
sanitary  and  economical  point  of  view.and  in  prever. 
so  far  as  their  powers  extend,  the  wasteful  and  un- 
necessary duplication  of  small  sewage  disposal  v. 
Finally,  they  should  not  only  be  empowered,  but 
be  under  the  obligation,  to  systematise  the  rainfall 
statistics  within  an  area  of  each,  to  ascertain  the  flow 
of  the  main  river  under  their  charge,  and  each  of 
its  tributaries,  to  keep  a  record  of  the  changes  of  level 
in  a  number  of  representative  wells,  and  to  publish 
within  a  reasonable  time  the  whole  of  the  information 
so  collected.  The  towns,  in  like  manner,  should  be 
obliged  to  afford  to  the  conservators  full  and  accurate 
information  as  to  the  extent  of  their  drainage  area, 
the  rainfall  in  it.  the  water  collected  from  it,  the  water 
supplied  to  the  town,  and  its  as 


'•  THE       HANDYMAN'S       BOOK       OF       TOOLS, 

MATERIALS,    AND    PROCESSES    EMPLOYED 

IN  WOODWORKING. 

Edited  by  Paul   X.   Hasluck,  with   2,545   lllustr.! 
and  Working  Drawings.     Cassell  and  Co..  Ltd. 

This  well-printed  and  illustrated  work  fully  sustain- 
its  claim  to  be  a  practical  book  on  practical  handicraft 
in  wood.      Having  described  the  various  kinds  oi 
employed   in    woodworking,    the   author   procee-: 
easy  examples  of  woodwork.     In  the  subsequent  : 
he  treats  extensively  of  the  further  numerous  applica- 
tions of  the  handicraft,  including  outdoor,  dom 
and    office   furniture.     The  volume    teems  with  hints 
which   should    lie    useful    both    to    the   amateur   and 
to  the  mechanic.     There  is  a  chapter  on  lathes,  turning 
and   turnery,   and   the  utility  of    the  work  is  greatlv 
enhanced   bv  a  complete  index. 


"ACETYLENE:   THE   PRINCIPLES   OF    ITS 
GENERATION  AND  USE. 

Bv  F.  H.  Leeds.  F.I.C..  F.C.S..  and  W.  J.  Atkinson 
Butterneld.  M.A.,  F.l.C.  F.C.S.  Charles  Griffin 
and  Co.,  Ltd.     5s.  net. 

Acetylene  has  latterly  found  such  an  increasing 
use  that  this  work — a  practical  handbook  on  the 
production,  purification,  and  subsequent  treatment 
of  acetylene  for  the  development  of  light,  heat  and 
power — makes  an  opportune  appearance.  It  is  a 
comprehensive  treatise  and  is  to  be  strongly  recom- 
mended to  those  who  are  making  a  study  of  the  subject . 
The  special  aim  of  the  author  has  been  to  explain  the 
various  physical  and  chemical  phenomena:  (1) 
accompanying  the  generation  of  acetylene  from 
calcium  carbide  and  water,  (2)  accompanying  the 
combustion  of  the  gas  in  luminous,  or  incande- 
burners,  and  (3)  its  employment  for  anv  purp 
(.7)  heat,  (b)  compressed  into  cylinders.  (.)  diluted,  and 
{d)  as  an  enriching  material.  There  are  many  useful 
tables,  one  of  the  most  interesting  giving  the  cost  per 
hour  of  lighting  respectively  by  acetylene,  petroleum 
(paraffin  oil),  coal  gas.  candles  and  electricity. 
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"THE  WONDERFUL  CENTURY." 

The  Age  of  New  Ideas  in  Science  and  Invention.  By 
Alfred  Russel  Wallace.  Swan  Sonnenschein  and 
Co.,  Ltd.  7s.  6d.  net.  New  edition,  revised  and 
largely  re- written,  with  107  illustrations. 

This  very  interesting  book  for  occasional  reading, 
has  been  improved  by  the  omission  of  a  long  dissertation 
on  vaccination.  In  place  of  this,  notes  have  been  add ed 
on  locomotion  by  land  and  sea,  photography,  engraving, 
chemistry,  electricity  and  astronomy.  In  a  work  in 
which  so  much  has  been  attempted  there  is  necessarily 
a  good  deal  of  superficiality,  but  enough  is  said  of  the 
various  subjects  to  stimulate  interest  and  to  open  the 
way  for  further  study.  This  superficiality  for  instance 
is  particularly  noticeable  in  the  section  dealing  with 
wireless  telegraphy.  The  half-tone  illustrations  are 
not  a  strong  point. 


"  THE  PRACTICAL  ENGINEER   POCKET  BOOK 
FOR  1904. 

Technical  Publishing  Company,  Ltd.,  Manchester,  is. 
net.  Leather  gilt,  with  diary  on  ruled  section  paper, 
is.  6d.  net. 

An  astonishing  amount  of  information  for  ready 
reference  in  small  compass  has  been  included  in  tb"e 
sixteenth  annual  edition  of  this  pocket-book.  It  has 
been  revised  and  brought  up  to  date,  and  should 
be  in  the  hands  of  every  practical  engineer.  Among 
the  illustrations  and  additions  mav  be  mentioned  a 
description  of  the  water-tube  boiler  of  the  Stirling 
Company  of  U.S.A.,  the  Daimler  motor  and  the  notes 
on  patents  and  patent  law. 


"THE  ELEMENTS  OF  ALTERNATING 

CURRENTS." 

By  W.  S.  Franklin  and  R.  E.  Williamson.  Second 
edition,  re-written  and  enlarged.  Macmillan  and 
Co.,  Ltd.      10s.  net. 

In  this  work  the  principles  of  alternating  currents,  and 
the  theory  of  the  various  types  of  alternating  current 
machinery,  have  been  rendered  as  intelligible  as 
possible,  to  the  student.  Five  chapters  have  been 
added  covering  the  ordinary  types  of  alternating 
current  apparatus,  and  showing  the  conditions  under 
which  it  is  operated  ;  these  are  intended  to  be  read 
in  connection  with  the  theoretical  sections  of  the  work. 
The  numerous  additions  include  a  complete  series  of 
practical  problems  with  answers,  and  especially  note- 
worthy are  the  alterations  in  the  chapters  on  the 
alternator,  the  transformer,  the  synchronous  motor, 
the  rotarv  converter  and  the  induction  motor. 


" ELEMENTARY  TELEGRAPHY  AND 

TELEPHONY." 

By  Arthur  Crotch.  With  numerous  illustrations. 
E.  and  F.  N.  Spon,  Ltd.  (London)  and  Spon  and 
Chamberlain  (New  York).     4s  6d.  net. 

One  of  the  Finsbury  Technical  Manuals  edited  by 
Professor  Silvanus  P.  Thompson,  D.Sc,  B.A.,  F.R.S., 
M.I.E.E.,  etc.,  this  work  is  intended  to  give  the  student 
in  this  special  field  a  thorough  grounding  in  leading 
principles.  Its  scope  will  be  sufficiently  indicated  by 
the  following  synopsis  of  contents  :  Magnetism  ; 
terrestrial  magnetism — magnetic  theory  ;  static  elec- 
tricity ;  electrostatic  induction — condensers  ;  dynamic 
electricity — the  voltaic  cell  ;  primary  and  secondary 
cells  ;  resistance,  current  and  electromotive  force ; 
effects  of  current — galvanometers  ;  induction  ;  cross- 
section — combined  resistances  ;  joining-up  of  cells — 
universal  battery  system  ;  telegraphy  ;  single  needle — 
sounder;  relays — double-current  working,  etc.; 
WheatStone  A  B  C — Stelje's  recorder;  differential 
duplex  ;  bridge  duplex  ;  submarine  ;  the  telephone  ; 
telegraph  and  telephone  lines;  elements  of  testing. 
The  treatise  is  well  printed  and  illustrated  ;  great  care 
has  obviously  been  expended  in  its  production,  and 
owing  to  its  concise  arrangement  it  should  save  the 
student  of  telegraphy  and  telephony  considerable 
trouble  in  getting  at  the  elementary  facts  of  the  subject. 


"THE  PRACTICAL  ENGINEER  ELECTRICAL 

POCKET-BOOK  AND  DIARY,  1904." 

Technical  Publishing  Company,  Ltd.,  Manchester, 
is.  net.  Leather,  gilt,  with  diary  on  ruled  section 
paper,  is.  6d.  net. 

On  similar  lines  to  the  above,  this  useful  auxiliary 
has  now  reached  its  fifth  annual  edition.  It  includes 
this  year  the  standards  of  electrical  conductors,  as 
recommended  by  the  Cable  Makers'  Association,  some 
additional  facts  in  reference  to  conduit  wiring, 
some  new  types  of  electrical  instruments. 


"ELECTRICITY  AND  MAGNETISM." 

An  Elementary  Text-book,  Theoretical  and  Practical. 
By  R.  T.  Glazebrook,  M.A.,  F.R.S.  Cambridge 
University  Press.     7s.  6d. 

Presents  the  A  B  C  of  electricity  in  numbered  para- 
graphs, and  offers  the  young  student  a  good  grounding 
in  the  subject.  Between  the  time-worn  experiment 
with  a  pith  ball  on  the  first  page,  and  the  observations 
on  the  electron  theory  of  matter  which  concludes  the 
work,  many  experiments  are  given  and  lucidly  ex- 
plained, while  the  student  can  test  his  progress  by 
means  of  carefully  arranged  examples,  to  which 
answers  are  furnished  at  the  end  of  the  volume. 


"BROWN'S  COMPREHENSIVE  NAUTICAL 
ALMANACK." 

Harbour  and  Dock  Guide  and    Advertiser,  and  Daily 
Tide   Tables    for    [904.     James    Brown 
(Glasgow).    Simpkin,  Marshall  (London),      is. 

This  handy  work  of  reference  has  afull  digest  of  the 
astronomical  and  other  phenomena  required  for  the 
purposes  of  navigation;  complete  list  of  lights 
signals,  beacons,  and  buoys  oh  coasts  of  the  United 
Kingdom,  with  Lights  and  fog  signals  in  the  Baltic 
and  North  Sea,  etc.  The  publishers  have,  in  this 
edition,  for  the  first  time  given  the  tidal  constant 
foi  every  port  oi  Great  Britain  and  Ireland,  with  the 
deptii  on  sill  of  every  dock  and  barb  >ur,  as  well  as  an 
elaborate  table  of  tiaal  constant  i. 


OUR    DIARY. 


November. 

23rd.— Labour  riots  and  strikes  reported  from  America. 
— President  Roosevelt  receives  Lord  Lyveden  and  Dr.  S. 
Lunn  who  are  arranging  an  English  Parliamentary  visit 
to  the  St.  Louis  Exhibition  next  autumn.  —  International 
Sanitary  Conference  concludes  its  meetings  at  Paris— the 
establishment  of  an  International  Sanitary  Bureau  in  Paris 
not  agreed  upon,  several  of  the  Powers  being  opp  - 
the  scheme. 

24th.  —  The  Royal  Commission  on  Coal  Supplies 
re-umes  its  sittings.— Death  of  Mr.  Siegmund  Loewe,  a 
director  of  Messrs.  Vickers,  Sons  and  Maxim,  consequent 
upon  injuries  sustained  in  a  motor-car  accident. 

25th.— Annual  dinner  of  the  Institution  of  Mining  and 
Metallurgy— speech  by  Sir  \Y.  AnsoO,  M. P.— Inventions 
Exhibition  opens  at  Brighton. — Representatives  of  both 
Houses  of  the  British  Parliament  visit  Paris.  —  Death  of 
Mr.  William  Cochrane,  coal  owner  and  ironmaster,  of 
Newcastle. 

26th.  —  Issue  of  Parliamentary  paper  containing 
abstracts  of  the  returns  made  to  the  Board  of  Trade 
of  flipping  casualties  on  our  coasts  during  1901-2. 

27th. — The  majority  and  minority  reports  of  the 
Native  Labour  Commission  published  at  Johannesburg. 
— Mining  accident  at  Grassmoor  Colliery,  near  Qm 
field. — An  electrical  department,  distinct  from  all  other 
departments,  organised  in  the  Devonport  dockyard. — 
Mr.  C.  Salter  lectures  at  the  Liverpool  University  on 
"  Ankylostomiasis  in  Mir.. 

28th. — The  Great  Western  Railway  Companyannounce 
that  they  will  proceed  immediately  with  their  scheme  for 
the  construction  of  a  new  harbour  at  Wevmouth. — The 
Highways  Committee  of  the  London  Countv  Council 
issue  its  regulations  under  the  Motor  Car  Act,  1903. — 
Settlement  of  the  colliery  strike  at  Acton  Hall,  Yorkshire 
which  caused  2,000  of  Lord  Mashams  employes  to  be  out 

:  \\  "ik. 

3Cth.  —  Great  distress  reported  from  Cape  Colony 
■  •wing  to  the  arrival  there  of  large  numbers  of  people  for 
whom  no  work  can  be  found.— Death  of  Sir  Frederick 
Bramwell.— Anniversary  meeting  of  the  Royal  Society. 

December. 
2nd.— Mr.  Wybergh,  the  Commissioner  of  Mines  in  the 
Transvaal  resigns. —  Labour  troubles  reported  from  the 
United  States— it  is  announced  that  employers  in  every 
branch  of  building  industry  will  meet  in  convention  for 
the  purpose  of  organising  a  national  association  to  fight 
against  the  demands  of  labour.— The  Automobile  Club 
decides  to  form  an  association  for  motor  and  van  users, 
its  object  being  to  represent  the  views  of  motor  and  van 
users  before  the  Local  Government  Board,  and  to 
undue  restrictions,  etc. 

3rd.— The  British  Admiralty  purchase  the  two  battle- 
structed  at  Elswick  and  Barrow  for  the  Chilian 


Government. — Second-class  cruiser  Flora  goes  ashore  at 
Denman  Island,  and  is  likely  to  prove  a  total  loss.— An 
anonymous  donor  presents  ^50,000  to  the  London  Uni- 
versity College  'for  the  promotion  of  higher  scientific 
education  and  research  in  that  institution. " 

4th.— The  Chamber  of  Trade,  meeting  in  Johannes- 
burg, passes  a  resolution  affirming  the  neces-: 
imported  coloured  labour  under  restrictions. — The  Times 
learns  that  an  agreement  for  the  amalgamation  of  their 
Mediterranean-American  services  has  been  concluded 
between  the  White  Star  and  Hamburg-American  Lines. 

5th. — A  deputation  waits  on  the  Lieutenant-Governor 
of  the  Transvaal  to  urge  the  desirability  of  a  referendum 
before  legislation  is  passed  dealing  with  the  importation 
of  Chinese  labour.  —  Serious  railway  accident  on  the 
London  and  North- Western  line  near  Penrith. — Launch- 
ing at  Belfast  of  a  new  Union  Castle  liner.  The Kcmluorth 
Castle. 

7th. — The  session  of  the  Legislative  Council  opens  in 
Pretoria.  The  Lieutenant-Governor  remarks  that  the 
Council  will  be  asked  to  discuss  whether  it  is  advisable 
to  supplement  the  supply  of  labour  available  in  Africa  by 
the  importation  of  indentured  labour. 

8th. — Members  of  the  Johannesburg  Stock  Exchange 
unanimously  pass  a  resolution  urging  the  Government 
to  authorise  the  importation  of  coloured  labour — there  is 
good  authority  for  stating  that  China  is  not  opposing  the 
scheme  for  Chinese  coolies. 

9th.—  Institution  of  Electrical  Engineers  hold  their 
annual  dinner. 

10th. — The  Automobile  Club  Committee,  on  the  recom- 
mendation of  the  judges,  award  the  medals  for  the 
••  Reliability "  trials  held  in  September. —  Motor  Car 
Exhibition  opens  in  Paris. — The  Institution  of  Electrical 
Engineers  celebrate  the  tercentenary  of  the  death  of  Dr. 
Gilbert* of  Colchester — presentation  made  by  the  Institu- 
tion to  the  Borough  of  Colchester  of  an  historical  picture 
representing  Dr.  Gilbert  showing  his  experiments  to 
Queen  Elizabeth. 

12th.— A    deputation    from    the   Labour    Importation 
nation  wait  upon   the   Lieutenant-Governor  of   the 
Transvaal    urging    the    immediate    settlement    of     the 
question  of  importing  labour. 

14th. — Dynamite  outrages  reported  from  New  York  in 
connection  with  the  building  trades  dispute. 

15th. — Members  of  the  Johannesburg  Stock  Exchange 
demand  the  immediate  settlement  of  the  labour  question. 

16th. — The  Royal  Commission  on  coal  supplies  meet 
at  Westminter — it  is  stated  that  the  coal  tax  has  adversely 
affected  trade. 

17th.— A  public  meeting  in  Pretoria  resolves  that  the 
question  of  importation  of  labour  should  be  deferred 
until  there  is  a  Representative  Government. — Launching 
of  the  new  twin-screw  steamer  Durham  Castle. 


NEW  CATALOGUES  &  TRADE  PUBLICATIONS. 


Messrs.  Mather  and  Piatt  forward  two  well-printed  cata- 
logues, which  should  be  obtained  by  those  who  are 
increasing  their  power  plants.  The  larger  one  sets 
forth  the  advantages  of  their  two  Cycle  Gas  Engines, 
including  perfect  scavenging  with  cool,  fresh  air, 
absence  of  heavy  exhaust  valves,  and  removal  from  the 
power  cylinder  of  up  and  down  strains  due  to  the 
resultant  of  impulse  and  resistance  on  the  crosshead 
pin,  which  in  this  case  is  entirely  outside  the  cylinder. 
Emphasis  is  laid  on  the  steadier  running  which  results 
from  an  impulse  at  every  stroke.  The  firm  claim  that 
they  can  obtain  as  high  a  degree  of  cyclic  regularity, 
without  the  aid  of  excessively-heavy  flywheels,  as  can 
be  got  with  the  best  design  of  steam  engine. 

The  other  pamphlet  is  designed  for  those  who  require 
dynamos  of  smaller  output  than  those  included  in  the 
Multipolar  Dynamo  Catalogue.  A  range  of  twelve- 
machines  have  been  designed  to  meet  this  want.  The 
three  smallest  sizes  are  of  the  twe-pole  type  ;  all  the 
larger  machines  have  four  poles.  In  all  of  them  the 
steel  magnet  yoke  consitutes  a  casing,  with  which  the 
pole  pieces  are  cast  in  one.  *  This  constitutes  an 
efficient  protection  entirely  surrounding  the  armature, 
while  forming  a  neat,  compact  design. 

T.  "Weaver  and  Co.,  22,  Rosoman  Street,  Clerkenwell. — 
From  this  Arm  we  have  received  two  mounted  sheets 
suitable  for  hanging  on  the  wall,  giving  diagrams  of 
their  various  ebonestos  switch-handles  and  bushes. 
These  are  very  clearly  arranged  for  reference,  and  are 
drawn  full-size.  Particulars  of  prices  are  obtainable 
from  auxiliary  sheets.  The  arrangement  is  certainly  a 
very  commendable  one,  as  it  enables  the  eye  to  take  in 
a  comprehensive  view  of  the  products  of  the  firm,  such 
as  would  be  impossible  in  the  pages  of  a  catalogue. 

United  Telpherage  Company,— From  this  company  we 
have  received  a  number  of  circulars,  post-cards,  etc., 
illustrating  their  Telpherage  System.  One  of  these  is 
devoted  to  the  electrical  handling  of  miscellaneous 
freight.  The  following  are  given  as  the  most  obvious 
advantages  of  telpherage  in  handling  freight :  Xo 
ground  or  floor  space  is  required,  the  tracks  being 
equivalent  to  a  se>  ond  story  ;  no  drays  are  used  on  or 
between  the  hacks  ;  lifting,  and  re-liandling  are  reduced 
to  a  minimum  ;  the  loading  and  unloading  are  done  so 
rapidly  that  not  only  can  much  of  the  congestion  now 
noticeable  in  all  important  freight  yards  be  avoided, 
but  it  is  also  possible  by  Telpherage  either  to  double  the 
capacity  of  any  freight  yard  or  to  decrease  its  size  by  one- 
half ;  smaller  storage  stations  or  sheds  will  be  adequate, 
since  there  will  be  little  delay  in  sorting  the  freight  and 
removing  it  for  distribution  :  the  load,  whether  in  the 
form  of  boxes,  barrels  or  buckets,  can  be  deposited  just 
where  it  is  needed,  Hand  tiering  will  be  avoidet,  as  will 
,i!m>  the  slow,  laborious  lifting  of  box  upon  box  or  barrel 
open  barrel. 

William  Mills  and  Co. — An  illustrated  list  of  aluminium 
castings,  this  being  a  leading  speciality  of  tr  e  firm. 
The   illustrations   of   castings    made    for    motor    cars, 

engines,  etc.,  are  most  effectively  shown  by  Hie  employ- 


ment of  black  backgrounds.  An  official  report  of  tests 
of  "Mill's"  aluminium  alloys, made  at  the  Engineering 
Laboratory,  Durham  College  of  Science,  is  appended. 

Westinghouse  Brake  Company,  Ltd- —  An  illustrated 
booklet  giving  a  complete  description  of  the  Westing- 
house  Electro-Pneumatic  Signalling  System.  In  a 
pamphlet  issued  last  year  attention  was  called  to  the 
advantages  of  the  system,  and  an  account  was  given  of 
some  notable  applications.  The  present  description  of 
underlying  principles  is  supplementary  to  last  years 
pamphlet,  and  is  illustrated  throughout  with  excellent 
half-tone  blocks. 

Brett's  Patent  Lifter  Company,  Ltd. — This  company  has 
issued  a  pamphlet  which  should  be  obtained  by  all 
interested  in  drop-forging.  The  working  of  their  patent 
steam  drop  stamps  is  carefully  explained  with  the  aid 
of  numerous  half-tone  illustrations,  a  prominent  feature 
being  three  full-page  plates  illustrating  batteries  of 
drops  on  this  system,  installed  at  Crewe  Locomotive 
Works.  There  is  an  interesting  extract  from  articles 
by  Mr.  J.  G.  Horner  on  Die  Forging,  and  the  latter 
part  of  ihe  pamphlet  is  devoted  to  Power  Presses  for 
all  trades. 

United  States  Metallic  Packing  Company,  Ltd.— A  par- 
ticularly novel  calendar  has  been  issued  by  the  United 
States  Metallic  Packing  Company,  Ltd.,  of  Soho  Works, 
Bradford.  This  has  a  large  medallion  in  bas-relief, 
and  a  highly  artistic  colour  scheme  has  been  intro- 
duced, which  is  worth  a  much  longer  description  than 
we  can  attempt  in  the  limited  space  at  our  disposal. 
We  would  suggest  that  those  interested  would  write  to 
the  Company  for  a  copy  of  this  calendar,  and  it  will 
probably  be  found  advantageous  to  write  early. 

The  British  Thomson-Houston  Company,  Ltd. — Pam- 
phlet No.  162  is  devoted  to  Automatic  Circuit  Breakers 
and  is  available  for   binding   in   the   excellent   cover 

provided  for  the  purpose  by  the  firm.  The  pamphlet 
points  out  that  circuit  breaking  devices  tend  to  draw 
an  arc  at  the  last  point  of  contact,  which,  unless  proper 
precautions  are  taken,  ultimately  renders  them  unfit 
for  use.  If  such  arung  takes  place  on  the  main 
contacts  it  will  rapidly  burn  them  and  destroy  the 
contact  surfaces.  It  is  therefore  essential  to  break  the 
arc  away  from  the  main  contacts  either  by  the  pro- 
vision of  secondary  contacts  which  open  circuit 
slightly  later  than  the  main  contacts,  or  by  forcing 
the  arc  on  to  portions  of  the  contact  pieces,  which 
eld  not  form  part  of  the  contact  Surfaces.  To  reduce 
the    destructive  action  to  a   minimum    the  arc  should 

further    be    disrupted   as    rapidly    .1-    possible.     In 

the  l'ype  M  Circuit  Breakers  of  the  British  Thomson- 
Houston  Company  the  above  requirements  are  met  bj 

the  use  of  the  magnetic  blow-out.  The  larger  sizes  are 
provided  with  auxiliary  contacts  situated  in  a  magnetic 
field,  which  disrupts  the  arc  as  soon  as  it  is  formed, 
while   in   the   smaller  m/cs   the  magnetic  action  drives 

the  arc  on  to  special  arcing  tips  and  then  instantaneously 
disrupts  it.  In  the  Tvpc  C  Circuit  Breakers  secondary 
contacts  are  provided  with  a  quick-break  action,  and 
are  easily  renewable. 
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Incandescent    Lamps 
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SEND  FOR  NEW  LAMP  BULLETIN. 
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HADFIELD'S  o^^a  LAY-OUTS 

.  .  .    OF    EVERY    SIZE     AND     DESCRIPTION    .  .  . 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MATERIAL    FOR 

TRAMWAY  TRACK  WORK. 
TRAMWAY  POINTS  &  CROSSINGS 


TRAMWAY  WHEELS  &  AXLES 


TIE-BARS,  Etc.,  Etc. 

HADFIELD'S  s^g^^sss  SHEFFIELD 
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GALLOWAYS  L™ 
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High=Speed  Engines.       quick  delivery. 

Compound    and    Triple    Expansion. 

SLOW=SPEED    CORLISS    ENGINES    for   Mill  Work. 
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o 

8 
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Galloway  Boilers.         immediate  delivery. 

0  All    Sizes   and   all    Pressures. 

8  « 

WROUGHT    STEEL    SUPERHEATERS.      The  ^'"^"i  "£,'.  Rel"">"'  °° 


JJ  Tclesrams  :   GALLOWAY,    MANCHESTER.  London  Office  :    17,    PHILPOT    LANE,    E.C.  0 
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General  Offices: — 

CHICAGO,  U.S.A. 


ALLIS-CHALMERS   Co 


SOLE    BUILDERS    OF- 

Reynolc/s'  Engines  for  Power  Plants, 
Rolling  Mills,   Blowing  Engines,   etc. 


General    European     Headquarters : 


SALISBURY  HOUSE,  FINSBURY  CIRCUS.  LONDON,  E.C. 


[WRITE     FOR     CATALOGUES. 
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high-class  *  * 


Electric    Lighting 
Engines. 


McLaren's  450  I.H.P.  Triple  Expansion 
Surface  Condensing  Engine  with  Dynamo 
for  Driving  Engineering  WorKs. 


Specifications  and   Quotations   on   application  to  — 


ALL    SIZES   FROM 
200   to   3,500   H.P. 


j.  <s  h.  McLaren, 

Midland    Engine   WorKs,    LEsEE/w. 
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Engines 


John  Fowler  &  Co. 


(LEEDS)  LIMITED. 


Electrical    and    General 
Engineers, 


Steam  Plough  WorKs  : 

LEEDS. 


Fowler's  Road  Locomotive.  Designed  for  all  Kinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
in  the  South  African  Campaign. 
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Boilers 


YT 


THE  STIRLING  COMPANY 
OF  U.S.A. 

The  Original  Manufacturers  of  the 

STIRLING 


WATER  TU8E 

SAFETY 


BOILER 


THE  MOST  ECONOMICAL  BOILER  ON  THE  MARKET. 

ADAPTED  for  ANY  KIND  of  FUEL,  and  for 
either  HAND  or  MECHANICAL  STOKING. 


Specially  suitable  for  Firing  by  Gas 
from  Blast  Furnaces  or  Producers,  or 
for  utilisingWaste  Heat  from  Heating 
Furnaces.  Upwards  of  2,000,000  H.  P. 
of  our  Boilers  in  operation.    H— 


ESTIMATES       GIVEN      FOR      COMPLETE      BOILER-HOUSE      EQUIPMENTS. 

BRITISH    BRANCH- 

53,  Deansgate  Arcade,  Manchester. 


TELEPHONE  3098. 


Telegrams:    "TUBULOUS,    MANCHESTER." 


THE    MORRIN    PATENT 

CLIMAX'  WATER  TUBE  BOILER 

600,000  H.P.  in  use. 


Made  in  all  sizes 
up  to  1,500  H.P. 

Suitable  for  all  Steam-raising 
purposes,  and  all  conditions 
of  working. 

Best  disposed  Heating  Sur- 
face for  utilisation  of 
furnace  gases. 

Best  water-circulating  system 
and  steam  superheating 
system  obtainable. 

Tubes  all  one  size,  and  ex- 
panded into  one  drum  only. 

Economical  in  floor  space. 

Economical  in  working, 
whether  fired  by  hand  or 
mechanically. 

Also  Coal,  Coke,  and  Ash 

Conveying  Plants,  Water 

Softeners,  and  Purifiers, 

Steel  Chimneys,  etc. 

Biwiimco.. 

LTD., 

Climax  Boiler  Work*, 
REDDISH,  near 
MANCHESTER 


London   Office:  47,  VICTORIA  ST..  WESTMINSTER. 


LEEDS  CITY  BOILER  WORKS 

(Established  1862.) 
a    a    ON    ADMIRALTY    LIST.    0    a 


MAKERS  OF 


High-Class 
BOILERS 

To  stand  any  test  or 
pass   any  inspection. 

MADE   BY  THE 

LATEST  IMPROVED 
MACHINERY. 

most 

Modern  and 
Complete 
Plant  in 
Yorkshire. 


w    r 


VERTICAL    BOILERS 

Always   la   Stock  and  la  Progress- 

SPECIALITY.     Boilers     fitted     with    Deighton's    Patent    Corrugated 
Flues  give  2i)  per  cent,  increased  hasting  surface  over  ordinary  Hues. 

Contractors   for  Roofs  and  all   kinds  of  Structural  Iron  and 
Steel  Work. 
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LIMITED-  Iriam  •  MANCHESTER-.-: 


COCHRAN  BOILERS 


Write  for 


Class  | 
Catalogue. 


Cochran  &  Co. 

(Annan).  Ltd., 

ANNAN, 
SCOTLAND. 

Telegrams  ; 
"  Multitube,  Annan." 


Boilers,  &c. 


Engineers  and 
Manufacturers  of 


BABCOCK  &  WILCOX  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


OVER  4,000,000  H.P.   IN   USE   IN  ALL  INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gained  the  GRAND  PRIX 

(Highest  Award)  at  the  Paris  International   Exhibition,    1900. 


Complete  Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 


ESTIMATES   AND    PLANS    ON   APPLICATION. 


Babcock  &  Wilcox  Boiler,  fitted  with  Superheater. 


Head  Offices  — 

LONDON :  Oriel  House,  Farringdon  St., 
E.C. ;  and  Branches. 


A  valuable  treatise  on  "  Steam  "  and  "  Ac- 
cessories "  Catalogue  free  on  application, 
to  Engineers  and  Steam  Users. 


works:   RENFREW,  Scotland. 


The 


a 


MclNNES  DOBBIE 

(Latest  form  of  our  "  Mclnnes") 

patent  Indicators 


.  .  for  -  - 

HIGH    <S    LOW 
SPEEDS. 

Tn  two  types:— 
External  Spring 

and ■  -  - 

Enclosed  Spring 

Kach  made  in  several 
Forms  and  Sizes. 


External 
PrjEcconc  Gpniuo.  Ty?E. 


SPECIAL  INDICATORS 
«S  Explosion  Recorders 
for  Gas  6  Motor  Engines, 
etc. 


Sole 
Makers: 


DOBBIE  MclNNES,  LD. 

(T.S.  Mclnnes  &  Co.,  Ltd.,  ft  Alex  DbfaMfl  tt  Son,  Ltd.,  Amgd.), 
INDICATOR      MAKERS     TO      THE     ADMIRALTY, 

45,  Bothwell  Street,  GLASGOW, 

6  at  Greenoch,  South  Shields.  6  London. 


Ltd. 
ENGINEERS, 


L 


Hall  &  Sons, 
I 

PETERBOROUGH. 

We  make  a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 

ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
tne  expenditure  of  1  lb.  of  Steam.. 
Tr\is  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  increases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 

Apply  for  Particulars. 


5<> 


Locomotives 


J.  B.Treasure  &C°- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA  RUBBER    WASHERS, 

Yauxhall  Road,  Liverpool. 


B     o     » 
3      1      Oi 

ft     B 

0)  =  g 

5  a: 

2    ■    $ 


a  o    ° 


S    P) 

*      3 


J     5 


J.  BENNETT  VON  DER  HEYDE,  6,  Brown  St.,  MANCHESTER 


THE  HUNSLET  ENGINE  CO., 

LEEDS. 


LTD., 


1     "—        I    "        '  ■        *U    J  ■    li 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 

Designs  and  Specifications  Supplied 
or  Worked  to. 


Telegrams  :  "  Engine,  Leeds." 


Telephone  :  528. 


Baldwin  Locomotive  Works. 

Burnham,  Williams  &  Co.    Philadelphia,  Pa.,  U.S.A. 

Code  Address:    "BALDWIN.    Philadelphia." 
General  Agents:    Messrs.  Sanders  &  Co.,  110,  Cannon  St.,  London,  E.C. 


Broad  and  Narrow  Gauge  LOCOMOTIVES. 

ELECTRIC    LOCOMOTIVES   with  Westinghouse 

Motors.    TRUCKS  for  ELECTRIC  CARS. 

Mine,  Furnace,  and  Industrial  Locomotives. 

Operated  by  Steam,  Compressed  Air,  &  Electricity. 


'III  III'  JN   (V  Hi  I   »l  II  If ■ 

fcdMDEIE)!        Brass  Foundry 


Hunt 


and 


Mitton 


MAKERS    OF 


G.  M.  Flanged  Wheel  Valve. 
No.  106.    B  Type. 


HIGH-CLASS 
FITTINGS  ONLY 

for  Engines  and  Boilers.    =^=^^^= 


Engineers'  Brass  Finishers. 

CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


Patent  "  End  Sight  "  Oil  Distributing  Box. 
No.  881. 


Mitton's  Patent  Centrifugal 

Crank  Pin  Oiler. 

Xo.  381. 


1; 


Oil  Gauge  Indicator  for  Solid 
Bearings. 

Xo.  849. 


Steam  Cylinder  Lubricators. 
No  863. 


Mitton's  Patent  Lens  Face  Pressure  Gauje. 
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mmmf    Condensing  Plant 


The  Mirrlees- Watson  Co., 


GLASGOW,    SCOTLAND. 


LIMITED, 


CONDENSING    PLANT  FOR 
HIGH     VACUUM. 


LONDON    OFFICE: 

158,    Gresham    House, 
Old   Broad  Street,    E.G. 


Packing,  &c. 


Ti?e  "LANCASTER" 

R.T.1VI. 

CVUNDE|f        I  If'l  C°VER     I      PATENT  .  .  . 

kmm=sm^    METALLIC  PACKING 

Supplied    to    British    and     foreign 
Navies  and  all  Principal  Engineers. 

CAN    BE   TIGHTENED    UP    IN   A   FEW    MINUTES. 

WORKING     ENGINEERS     PREFER     THEM     TO     ALL     OTHERS. 


Save  60  per  cent,   of   Friction   over 

best  Asbestos   Packing.      Need   not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS      TO- 

Lancaster  Q>    I  Ollge,  L/ta.  Pendleton,  Manchester. 


Our  TRADE  MARK 

Wheels  run  smoother 
when  P. P. P.  is  on  your 
pump  and  engines .  .  . 


QUAKER    CITY 
RUBBER    CO., 

101,  Leadenhall  Street, 
LONDON,   E.C. 

RONALD    TRIST    6    CO., 

General  Managers. era 'CM 


"PARCE    QUE." 


It  is  built  to  save  power, 
and  is  not=a=braRe=screw= 
tight=paching. 

IIV  offer  to  demonstrate  dearly  how  ami  why  when  you  writt 


"^— 


Oils,  Oil  Filters,  &c. 


W.H.WILLCOX  <S  Co.,  Ltd. 

23,  34  and  36,  Southwark  Street,  LONDON. 

PENBERTHY   PATENT    INJECTOR 

For  ALL  Boilers. 

OVER    230,000    IN    USE. 


Acknowledged  the  best  for  Traction 

Engines,  &c. 


HANDLES    HOT    WATER.  Will  Deliver  at  Boiling  Point. 

Works  on  High  and  Low  Pressures. 
AUTOMATIC  and   RESTARTING.  Lifts  up  to  22  ft. 

IN     3     STYLES     AND     16    DIFFERENT     SIZES. 


ASHTON'S  sf^-  LUBRICATORS 

NEVER  FAIL.       Thousands  Sold. 


Size 


SENT    FOR    ONE    MONTH'S    FREE    TRIAL. 

4  I  2 


Pints. 


AsK  for  List  36. 


Price      36-  39-  43-  T "3/-         110  -    each 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

THOMAS  A.  ASHTON,   Ltd..  Norfolk  Street,  Sheffield. 


"VACUUM"    WASTE    OIL    FILTERS    (Patent). 

SAVE    INITIAL    OUTLAY    IN    A    SHORT    TIME. 

Prices  from  37s.  6d.  to  £21  each,  with  filtering  capacities,  varying  from  2  gallons  per  week  to  90  gallons  per  day.      (In  three  types.) 

Largely  adopted  by  gas  engine  and  other  machinery  users.     Invaluable  for  Electric  Lighting  Stations.     Full  particulars  on  application — also  of  our 

PATENT       OIL       STORAGE       CABINETS. 

"B"  TYPE  Open. 

PATENT  FILTER.  ¥ 

Closed.  .  .    . 
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VACUUM    OIL  COMPANY,  Lffi  Norfolk  Street,  LONDON,  W.C. 
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Gas  Generators 


W.  F.  MASON,  Limited, 

Engineers  and  Contractors, 

MANCHESTER. 
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Destructors 


THE 


"HORSFALL"      „  Hot  Blast 
DESTRUCTOR 


Adopted  at 


Adopted  at 

Oldham, 

Finsbupy, 

Acerington, 

Blackpool, 

West 

Hartlepool 

Leamington, 

Hamburg. 

Windsor, 
Ac,  &e. 


Plants  at  work 60 

Contracts  in  hand 17 

New  Orders  since  Jan.  1st,  1903         .        "16 

Including  DURBAN,  BLOEMFONTEIN,  CAPETOWN  {Hospital),  FOLKESTONE, 

SWANSEA,    &c,    &c. 


The  Horsfall  Destructor  Co.,  Ltd 


Lord   Street  WorKs,   LEEDS. 

Telegrams:    "DESTRUCTOR,   LEEDS." 

A  B  C,   5th    Edition,   and     LIEBER'S    CODES. 


19,  Old   Queen  Street, 
Westminster,   LONDON,  S.W. 

Telegrams:    "DESTRUCTOR,   LONDON." 
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MELDROM  BROS  LTD 


I 


imberley  near  fAanchesfev* - 


The  Meldrum  Destructor  effectually  disposes  of 
refuse  once  and  for  all.  Not  merely  eliminating  the 
undesirable,  it  conserves  the  valuable  residue,  and 
proves  at  once  an  indefatigable  scavenger  and  money= 
maker.  Wideawake  corporations  are  now  using  the 
surplus  heat  for  steam  power  in  their  electric  light 
and  tram  departments,  sewage  pumping,  and  other 
municipal   enterprises. 

Engineers  and  others  interested  in  the  subject  of 
Contemplated  Destructor  Installations,  are  invited  to 
communicate  with  us. 


This   illustration   shows  half 

the  plant  destined  for  Johan  = 

nesburg  erected  in  our  shop 

before  being  shipped. 


TIMPERLEY,     MANCHESTER, 


AND 


66,  VICTORIA    STREET, 
WESTMINSTER, 

LONDON. 
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If 


Bennis  Stokers 


BEXXIS    STOKERS,    COXVEYIXG    AXD    ELEVATING    PLANT,    ON    CORNISH,    LANCASHIRE, 
AND    WATER-TUBE    BOILERS. 


6=1 


SASBaElF    Bridges  and  Roofs 


MACHINERY  for 
ECONOMIC  HANDLING 
of  MATERIALS. 


DESIGNED   AND    BUILT    BY 


5-ton  ELECTRIC  TRAVELLING   CANTILEVER   CRANE. 

For  Stocking  and  Loading  Material.    Span     325  ft. 


The  Brown  Hoisting  Company. 

London  Office — 

39,  VICTORIA  ST.,  S.W. 

Main  Office  and  Works — 

CLEVELAND,  OHIO,  U.S.A. 

New  York  Office — 

26,  CORTLANDT  STREET. 


More  durable  than  iron.  Cheapest  for  all  spans  up  to  100  Feet 


D.   ANDERSON    <3   SON,   Ltd., 


LAGAN     FELT    WORKS.    BELFAST,    and 
FINSBURY    PAVEMENT     HOUSE.    LONDON.    E.C. 
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MraKlTf    Bridges  and  Roofs 
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L_L.L 
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Conveying  Machinery 


GRAHAM.  MORTON 


Head  Office  and  Works  : 


9    ENG. 


&    CO.,    LTD. 

Makers  of 
ELEVATING  PLANTS, 
CONVEYING  PLANTS, 
WASHING  PLANTS, 
SCREENING  PLANTS, 
STORAGE      PLANTS, 

FOR 

Coal,  Coke,  Ore,  etc 


Steel  Structural  Work, 

Tanks  &  Girder  Work, 

Roofs  &  Bunkers. 


Complete  contracts  of 
any  magnitude  exe= 
cuted  with  quickest 
SPEED. 


Two  recent  con= 
tracts  executed  by 
us      amounted     to 

£240,000. 


We  arc  just  completing  the  erection  of  our  large  new  Engineering  Works.    The  three  main  Bays  are  50  fed  Bpan 

and  420  feet  long,  equipped  with  Electric  Cranes,  the  whole  of  the  work  being  done  by  ourselves*     The  whole  works  are 
driven  by  electric  motors,  the  current  being  generated  by  ourselves.  The  works  are  open  for  inspection  on  presentation  of  card. 
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Cranes 


JOSEPH  BOOTH  &  BBM 


LTD., 


RODLEY 


40=ton  Steam  Goliath  Crane  at  the  new  L.  <S  N.  W.  Railway  Goods  Yard,  Sheffield. 
And  also  supplied  to  Midland,  Lancashire  6  Yorkshire,  and  Great  Western  Rys.,  6c. 


For 

Lifting 
Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Power. 


London  Agents  : 

A.  E.  W.  GWYN,  Ltd., 
75a,  Queen   Victoria  St.,    E.C. 


Telephone : 

20  STAKNINGLEY. 


Telegrams  : 


CRANES,  RODLEY." 
ASUNDER,  LONDON.' 


As  supplied  to  Crown  Agents  for  the  Colonies  and  Government  Departments 
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MMm\f  Electric  Cranes,  &c.   J 


""  "'"'  " 


Electric  Cranes. 


up  TO 


100  TONS 


CAPACITY. 


SEND      FOR      OUR     NEW 
CATALOGUE. 


THOMAS   BROADBENT  «S  SONS, 

HUDDERSFIELD. 


Limited, 


CRANE  WEIGHERS. 


.^yWEIGH 
J  200.000 

§  t  POUNDS 


OURS  STILL  LEAD  FOR  ANY 
NATIONAL  STANDARD. 


S.DENIS0N&S0N, 

Hunslet  Moor, 

Near  LEEDS. 
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Rolling  Stock,  &c. 


RENSHAW  &  CO., 


MANUFACTURERS    OF  LIMITED, 

Railway  Wagons,  Railway  Carriages,  Railway  Ironwork. 


Railway 
Wheels  <S 
Axles 

of  every  bind. 


SPECIAL 
ATTENTION 
GIVEN    TO 
ROLLING 
STOCK    FOR 
SHIPMENT. 


Telegrams : 

"  Renshaws,  Stoke- 
on-Trent." 

1 '  Opi fleer,  London , ' 
Tel  ephones : 

58  Potteries. 

16; Avenue,  London 


We  have  special 
modern  plant  for 
the  quich  produce 
tion  of  .  . 

All=Steel 
High 
Capacity 
Wagons. 


Standard  io  ton  Wood  Frame  Coal  Wagon.    One  end,  two  side,  and  two  bottom  doors. 


Phoenix  Works,   STOKE  ON  TRENT. 

London  Office:  46,  King  William  Street,  E.C. 


HerbertWPermLtd 

fipoDCATE  Sr  v/oRK5 

BiRmiNCHam 

TELEGRAPHIC  ADDRESS 

"FLOODGATE"  BIRMINGHAM. 

TELEPHONE     N°  373. 

STOCK     250.000    GROSS 


__ — f- 1 ">fT V — ' <rrr"  *"       " ■"-" ~~~ 

fci^IlKlgf  Iron&Steel,  Rivets,  &c. 


RAILS 


FISHPLATES,  B0LTS,SPIK5^C«fVURS&c 
^^    POINTS  AMD  CROSSINGS. 


«BUfiSS»fr 


J.  Fredk.  Mclling,  [ 


*        V  T^  44  Iff  44  • 

$  14,  PARK   ROW, 

J                       LEEDS,    England.  | 

*  > 

^  Iron  &  Steel  Bars,  Plates,  Sheets,      write  for  * 

J0  Girders,  Channels,  Angles,    Rails,      Section  Lists  * 

1  Blooms,  Billets,  &  Slabs.                        and  Prices  * 

At,  * 

*>                                         fc 

Telegrams  :  "  Legation,  Leeds." 


HM.IEABLE  IRON  ft  STffi 

CASTINGS  for 
NGINEERS  &  TOOL  MAKERS 

TO  MACHINE  CLEAN  &  BRIGHT 
ALL  OVER. 

PARKER  FOUNDRY  CO.  DERBY 


THE  .  . . 


ffi 


DRUM 


39 


PUMP. 

JOHNSON'S         PATENTS. 


Write  Jor  Catalogue  63. 


POSITIVE    ACTION. 

NO    VALVES. 
HIGH     EFFICIENCY. 


Se<  iion  or  "  Drum"  Pump. 


DRUM 
ENGINEERING  C0.; 

27.  Charles  St.. 

BRADFORD. 


flkdflilllSf  '    Iron  and  Steel 


WALTER    SCOTT,    Ltd., 


LEEDS      STEEL  Telegrams: 

••  Bessemer. 

WORKS   .    .    .         LEEDS" 
LEEDS,  ENGLAND. 


Manufacturers  of    .    . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mifd  Steel  Blooms,  Billets, 

Slabs,     Tinbars,      Rounds, 

and  Flats. 

Speciality: 


Tramrails. 


Books  o/  Sections  and  other  information 
on  application. 


F.  A.  KEEP,  JUXON  &  Co 


Ratted  Work 


OF    EVERY    DESCRIPTION 


TANKS 

FOR 

TRANSPORT 
SERVICE. 


MISCELLANEOUS 
IRON-PLATE   and 
CONSTRUCTIONAL 
IRONWORK. 


r  orward   Works, 

BARN     STREET. 

BIRMINGHAM. 

National  Telephone  :  8779. 

Telegrams :  "  Structures,  Birmingham." 
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Iron  and  Steel 


"■■       "■•      *■ 


Straight 

Bent 

Flat 


We  have  an  especial  liking  fcr  Machine  Shop 
associations,  indeed,  we  give  them  preference 
when  increasing  cur  line  of  stock  products. 

If  cur  picture-tale 'of  tails  proves  interesting: 
we  will  supplement  with  details  of  superior 
Carrier  strength  and  design. 

J.  H.  WILLIAMS  &  CO.,  Brooklyn,  New  York. 

Drop=forgings  only. 

Buck  &  Hickman,  Ltd.,  London. 
Eaxendale  &  Co..  Manchester. 


ON    ADMIRALTY    LIST. 


Telegrams:   "CRANKS.   LINCOLN. 


FOR    GRHNKS 
&  FORGINGS 
OF   EVERY 
DESCRIPTION 
WRITE  TO 


SLftRKE'S 
eRHNK   & 
FORGE   e©., 
LTD.,  LINCOLN, 
ENGLAND. 


I CCU  RATE 
Sc  RELIABLE^ 


TAMIPDffl© 


POR 


lmoiok  qvr, electrical    <f 
^^d[ngimeeri^g  Trades  [ 


SHIPBUILDERS.  Eg 


(orcffacfcfe  Yq  Admiralty,  War  Office. 

India  £  trice. 

f5f<ITIS«      Ar«v»  rORtlOIN   RAILWAYS. 


EDGAR  ALLEN  &  CO.,  LTD 

TOOL  STEEL,  SAW  &  FILE  MANUFACTURERS,  &  STEEL  FOUNDERS. 


SOLE     MAKERS    OF 


The  EDGAR  ALLEN 


\^—%^f  ~he  LUUAK  ALLEN 

(AlR-HARDENlN^ 

fr^amtf^^\         TRADE    MARK  GRANTED  1885 

HIGH-SPEED  TOOL  STEEL  AND  TWIST  DRILLS. 

Allen's  <^>  Manganese  Steel 

CASTINGS  &  BARS  for  TRAMWAY  POINTS  &  CROSSINGS,  DREDGER  PINS  &  BUSHES,  ORE  CRUSHERS,  4c. 

CORRESPONDENCE       INVITED. 

Imperial  Steel  Works.  Tinsley,  SHEFFIELD. 

* 
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H^iiiflronand  Steel 


Farnley  Iron 


ROLLING     BARS. 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
gear,  and  other  important  parts, 
and  on  all  the  leading  Railways 
in  Great  Britain,  India,  and  the 
Colonies,  for  shackles  and  other 
vital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  li  in.  to  2|  in.  in  a  length 
of  6  in.  before  fracture,  and  is 
safest  for  welding. 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


Crankshafts  and  r  orgings 

(ON  ADMIRALTY,    WAR    OFFICE,    6c,    LISTS.) 

BENT  CRANKS 

(Square   or   Round) 

For   Marine   and 
other  purposes. 


Bent  Three-Throw   Pump  Crankshaft. 


.*'«*. 


WOODHOUSE    AND     RlXSON, 


SHEFFIELD. 
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Bmimm 


Iron  and  Steel 


fV0 


Simple  to  forge  and  harden. 
High  Speed  and  deep  cuts. 
Increased  out-put  when  turning 
Cast  Iron  and  Mild  Steel. 


Head  Office  — 
St  Paul's  Square, 

Birmingham.  ^_ 


Alff. 


Waterloo  Chambers 
19,WaterlooStreet. 

Glasgow. 


Samh  Buckley 


STYRIAN  STtEL  WORKS.S 


PROMPT    REPLIES 


PROMPT  DELIVERIES 


_— — 


Tubes 


MANUFACTURERS     OF 

Weldless  Steel 


and  .  .  . 


Iron 
Tubes 


Steam  Pipes, 
Tubes,  Boiler 
High  Pressure 
Steam  Mains 


HOLLOW  FORGINGS. 
COLLARS.  FERRULE 
BUSHES.  LINERS. 
COUPLINGS.  AXLES. 
PISTON  RODS. 
Etc..  Etc.. 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


.  .  FOR 


Super-heaters 

A  SPECIALITY. 


Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited 

BIRMINGHAM. 


Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders.  Birmingham/ 
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Tubes,  &c. 


Thomas  Piqgott  &  Co.,  Ltd., 


ATLAS    WORKS, 
SPRING   HILL, 
BIRMINGHAM. 


GAS,  HYDRAULIC  and 
GENERAL  ENGINEERS. 

*  *    * 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders, Castings. 

Welded  and  Ri  vetted  Steel 
Pipes. 

Stamped  and  Steel  Angle 
Flanges. 

Steel  Chimneys  of  all  sizes 
and  designs. 

Tanks  in  Steel  or  Cast  Iron 
for  Petroleum  &  Water. 

Pans  for  Sugar,  Cassada, 
Ac,  for  ail  Markets. 

*  *     * 
London  Office: 

14,  Ct.  St-THOMAS  APOSTLE 

Telegrams : 
'Atlas,  Birmingham." 
"  Intersection,  London." 

ABC  and  Ai  Codes  used. 


Steel  Lattice  Girder  Bridge,  in  one  span  of  115  feet  10  inches.  12  feet  deep,  and  13  feet  wide,  erected 

over  the  River  Teme  at  Ludlow,  and  carrying  Welded  Steel  Main  3  feet  6  inches  diameter, 

for  the  Birmingham  Welsh  Water  Scheme. 


These  Furnaces  are  Made  from  Special  Quality  of  Open-Hearth  Acid  Steel 
Produced  at  Our  WorRs,  from  the  Best  Selected  Brands  of 
Swedish  and  Cumberland  Hematites. 


SUPPLIP, 


%$?* 


SUSPENSION 


FU«^' 


*tf^' 


*4S 


ARD>   HHITB  STAR,  AND  ALL  THE  LEADINC  STEAMSttl?  U* 


^y 


Sc*lEd. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


Y*' 


*&$&* 


C?°* 


OF 


***** 


>l> 


**«** 


Flanged  Complete  by  Hydraulic  Machinery. 


UNIFORM 

THICKNESS. 


L *T EST  * 


„-  v.ee°s  FOR£fDscolvlp4Nv.  trft 

^^   j^\*^  To  maintain  the  thickness  of  flanges  and  contracted  parts  which  is  of  vital  importance.  *x.r 

m    \  we  roll  our  plates  with  a  thickened  edge.  •» 

The  L'nited  States  Survey  allow  a  constant  of  15.000  for  Morison  Suspension  Furnace?, 
and  only  14.000  for  all  other  Corrugated  Types  of  Furnace. 
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Pumps 


LIGHT  on  an  OLD  SUBJECT 


Vertical  Triplex  Pumps. 

MOTOR  DRIVEN 
BELT  DRIVEN 
STEAM  DRIVEN. 


Cables  and  Telegrams : 

"STEAMPUMP,  LONDON." 
Telephone  : 

NAT.  5087  and  5097  BANK. 


THE  BLAKE  &  KNOWLES 
STEAM  PUMP  WORKS, 

179,    Queen    Victoria    Street,    London,    E.C. 


So 


fitalflffl 


Pumps,  &c. 


TANGY 

STEAM    PUMPS 


FOR    ALL    DUTIES. 


'SPECIAL"      DUPLEX 
FLY-WHEEL,    <3cc, 

ALSO      .      . 

Centrifugal   Pumps,    Treble  -  Ram    Pumps,   etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


14  x  8  x  12  in.  "Special"  Pump. 


T"  A  M  AV  C  O      CORNWALL  works, 

I  A  IN  la  Y  t  &       Birmingham. 

BRANCHES     AT  LIMITED  Wa# 

London,   Newcastle,    Manchester,   Glasgow,   Cardiff,    Rotterdam,    Bilbao,   Johannesburg. 

riJOWEHo^ 

SOLE  MANUFACTURERS  OF 
FLOUR,  COFFEE,  AMD  RICE 
MILL    MACHINERY. 

Grain  and  Seed  Cleaning, 

Hulling,   Grading,   and   Polishing  Machinery. 
"EUREKA"    Corn     Maize)    Mill    Machinery, 
Degerminators,    6c. 
Flour,   Bran,   and   Cement   Packers. 
Howes  Grinding   Mills. 
Grain   Scales.        Dust   Collectors. 
Little    Giant   Turbines,    Water    Wheels, 
Water   Motors,   and   Pelton  Wheels. 

Head  Office  and  Showrooms  : — 

g    64,    MARK    LANE,  LONDON,   England. 

Contractors  to  His  Majesty's  Government,   Russian,  French,  &c. 

8l  F 


Miscellaneous 


*     THE     RELIANCE     LUBRICATING     OIL    COMPANY, 


19  &  20,  Water  Lane,  Great  Tower   Street,  LONDON,   E.C. 


fi   HIGH-CLASS     NON-CORROSIVE     LUBRICATING     OILS 
j».  AND    SOLIDIFIED    LUBRICANTS. 

^  Castor,  Lard,  Olive,  Neatsfoot,  and  Linseed  Oils,  Tallow,  &c. 


Also  99,  Great  Clyde  Street,  Glasgow;  44,  Baldwin   /• 
Street,  Bristol ;  and  1,  Sandhill,  Nowcastle-on-Tyne.  ^ 

Telegrams:   "SUBASTRAL,  LONDON."  9^ 

Telephone  No. :  Avenue  5891.  ABC  Code  Used.  d^ 


NOW.. 
READY. 


A  very   limited  number  of 

VOLUME  I.  still  for  sale. 

Bound     in      half- morocco, 

JLl    Is.   Od.  net. 

(Postage  extra.) 


VOLUME   II. 

Half-morocco    - 


I5s. 


Cloth  -       -         IOs.  6d. 

(Postage  extra.) 


STEEL  CONSTRUCTION 

IN    ALL    BRANCHES. 

Buildings  Designed  and  Erected  in  all  Parts  of   the  World. 


ROOF   FRAMES,   TRUSSES  AND   GIRDERS, 

BLAST   FURNACES  AND   STEEL    WORKS,   CUPOLAS,   LADLES,    CONVERTERS, 

BOILERS,   TANKS,  AND  HEAVY  PLATE   WORK. 
GAS   HOLDERS,   PURIFIERS,   ETC., 

OPEN   HEARTH   FURNACE   CASINGS. 

CHIMNEYS,    RIVETED   PIPE,    CORRUGATED  IRON. 

RITER  =  CONLEY     MFG.,     CO.,    pittsburg,    pa.,   u.s.a 

New    York    Office  :    39-41,    Cortlandt    Street  . 


South   Eastern  <S  Chatham  Railway. 

THE    CONTTnENT 


Four    Royal     Mall     Routes 


DOVER 
CALAIS. 


FOLKESTONE 
BOULOGNE. 


VIA 


DOVER 
OSTEND. 


QUEENBORO 
FLUSHING. 


LONDON-PARIS    IN    LESS    THAN    SEVEN    HOURS. 

Five  Services  Daily  in  Each  Direction. 

NEW       EXPRE8S      AFTERNOON       DINING       GAR       SERVICE 

Daily  (Sundays  im hided),  via  FOLKESTONE  and  BOULOGNE. 


CHARING     CROSS 
PARIS    --- 


I'.M. 

2. 20         PARIS    - 
9.15    I    CHARING  CROSS 


P.M. 
4.0 

10.45 


Mail  Route  via  Dover  and  Ostend. 

Three  Exprcti  Berried  Daily  In  Each  Direction. 

Flushing  Royal    Mail    Route  to  Germany,  etc. 

Two  Services  Daily  In  Each  Direction. 


For  Full  Particulars  see  S.E.  &  C.R.  Continental  Time  Tables,  price  3d. 
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VINCENT  W,  HILL,  (Uncial  Manager. 


Miscellaneous 


LAUNDRY  MACHINERY 


Also 


COOKING 
APPARATUS 


Catalogues  on  Application. 


W.  Summerscales  &  Sons,  Ltd., 

Phoenix  Foundry,  KEIGHLEY,  England. 


FOR     ANY     SIZE     OR     TYPE     OF 

U  R  B  I  N 

OR      PELTON      WHEEL 


Apply  to:- 


G.  GILKES  3c  CO.,  LTD. 

KENDAL 


"GUNTHER' 

TURBIN 


WITH  VERTICAL  OR 
HORIZONTAL    SHAFTS. 

SPECIAL 
HICH  PRESSURE 
TURBINES   &  ACCURATE 
HYDRAULIC  CQVERNORS 
for  Electric  Plants. 
PELTON  WHEELS. 


W.  Gnnther  &  Sons, 

Central  Works, 
OLDHAM.  ENGLAND. 


If  you  want  to  increase  your  export  business  to 

DENMARK,  NORWAY,  &  SWEDEN, 

ADVERTISE    IN 

"ELEKTROTEKNISK  TIDSSKRIFT" 

(STEAM    AND    ELECTRICITY). 

it  has  a  larger  sale  circulation  in  these     .     . 
countries  than  any  other  engineering  paper. 


Machinery   Hiill,   Helsiogborg  Exposition,   1903, 
He.'sini;t>oig,   Sweden. 

Specimen  copy  free  on  application  to — 
THE 

Elektroteknisk  Tidsskrift 

PUBLISHING  CO., 


Cheap  Prepaid  Advts. 
id.  per  word.  Issued 
on  the  1st,  10th,  and 
20th  of  each  month. 


COPENHAGEN,   N.    DENMARK. 
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Watch  your  Work!       Don't  Trust  to  Chance, 


THE 
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OLIVER 


TYPEWRITER 


WRITES      IN     SIGHT 


And    your   work    is   always   before   you. 


A  Time  Saver  !       A  Business  Builder ! 


The  STANDARD  VISIBLE  WRITER 

Used  by  leading  Engineering:  Firms,  including— 

Lloyd  &  Lloyd,  Ltd. ;  Babcock  &  Wilcox,  Ltd. ;  Sturtevant  Engineering  Co.  ; 
James  Keith  &  Blackman,  Ltd.  :  Vickers,  Sons  &  Maxim,  Ltd.  ;  Merry- 
weather  &  Sons,  Ltd. ;  Mkldrum  Brothers,  Ltd. ;  Edison  &  Swan  United, 
Ltd. ;  Johnson  &  Phillips  ;  John  Dewraxce  &  Co.  j  British  Westinghouse 
Co.,  Ltd. ;  Marshall,  Sons  &  Co. 


»I   Is    not  this   good 
testimony  ? 

Send   for   Catalogue — 


Oliver    Typewriter    Company,    Ltd., 

75,    QUEEN    VICTORIA    STREET,    LONDON,    E.C. 

^4^4^4^4^4^4^4^4^4^4 ^4 ^4  >4 **  **  ** JL^L^LJ*  A'  A'  J*  M  a  M  ^*  ^*  M  A*  £<L&*  A'  J'  ^*  A'  £'  J*  £'  1*  ^*  1L2L 

/*  *k  *k  *k  *\  n  *k  *r  *r  *r  *k  *k  *r  *c  /C  *c  *r  *r  *c  *r  •?■  *r  ^r  ^r  *r  *r  ^r  ^r  /r  ^r  *rw  *r  ^r  ^r  ^r  *r  *r  ^r  ^r  ^r  *c  *r 

Sankev's  Fire  Bricks  and  Fire  Cements. 


^4 

Ji. 

# 

*v 

^4 

*K 
Aft, 

^4 


Evety  Description    of  FIRE-CLAY  GOODS, 


STOCK    UNEQUALLED. 


VARIOUS  BRANDS. 


v  SANKEY   • 
LQIMDOM.E. 


Engineers'    Designs   made    to   Order  of   the  best 
Fire=resisting  Materials. 

WRITE      FOR      NEW     CATALOGUE. 


J.    H.    SANKEY   &    SON,   Ltd.,  fig*    Essex    Wharf,    CANNING    TOWN,    E. 


Office 
ESTABLISHED      1857. 


PLAN-COPYING    PAPERS    and    LINENS. 

White  Lines  on  Blue  Crjund  ;  Blue  Lines  on  White  Ground  ;  Black  Lines  on  White  Ground. 
PRICE    LIST    O/V    APPLICATION. 

New  Catalogue  in  trie  Press.     Price   Is.,  post   free. 

tyANUF/tCrUREfiS  OF  PH0rOCI{APrllG  DRY  PLATES,  PA.PER.S,  ipUfJrs,  CAMERAS,  AND  SUNDRIES. 

MARION       6       CO.,       Ltd.,       22,  23,  Soho    Square,  London,  W. 

high-grade.        THE     "DIAMOND''     TWIST     DRILLS.         warranted. 

The  Cheapness  of  a  Drill  depends 
upon   its   Durability.        .  .  . 

If  you  cannot  net  these  Goo.Is  from  your  Healer,  apply  to  the  MaUrs 

THE    WHITMAN    &    BARNES    Manufacturing     Co., 

149,    QUEEN    VICTORIA    STREET,     LONDON,     E.C. 


100  Drills  at  4s.  each  are  dearer  than 
75  Drills  at  5s.  each  of  the  same  size 
if  these  will  do  the  same  amount  of  worh, 
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Wells'  Specialities 


>*»*.%%  VSC^TOWSTOi 
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*  "mens  Eight" 

(WALLWORK  *  WELLS'  PATENTS). 

POWERFUL     PORTABLE     LIGHT     FROM     OIL 

Up  to  5,000  Candle  Power. 

For  ENGINEERS.  CONTRACTORS.  SHIPYARDS.  RAILWAYS.  COLLIERIES. 
QUARRIES.    MINES.    HARBOURS.     DOCKS,    etc. 

OVER      J7tOOO      SOLD. 

Supplied  to  500  British  and  Foreign  Railways. 

Adopted  by  26  Governments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 

Xo.  o.    Lamp.     500  Candle-power.    Small  Hand  pattern  £7  js 

1.        Do.      500  or  1.500  Candle-power.     Hand  pattern £10  0s" 

,.     2.     1,500  or  2.500  Candles.    Useful  and  Portable  pattern £15  10s! 

„    3.    2,500  or  3.500  Candles.    Manchester  Ship  Canal  pattern            £1(5  j  Osl 

„    4.    3.500  or  5.000  Candles.    A  most  powerful  Lamp             £17  1 Ss! 

Burns  either  heavy  Wells'  Oil  or  Petroleum,  but  the  former  is  very  cheap  and  gives  about 
30  per  cent,  more  light  than  petroleum. 


Kettle  Torch  Lamps. 

The  Miner's   Favourite. 

Thousands  Sold. 

Used  exclusively  by  De  Beers, 

Randt  Mines,  &c. 
Also  largely  used  by  Con- 
tractors. Corporations, 
Collieries,  &c. 
Large  Flaming  Light. 
No.   18,  3  Pints,    ij   in. 

Wick,  4s.  6d.  each. 
Xo.  2S.  same  shape   as 
above,  but  having  two  Wicks, 
6  Pints.  9s.  each. 


No.    18a. 


A  Splendid 
Lamp,     fitted 
I  with  2  in.  Wick. 
'  5  Pints  capacity 
9s.  each.  Suit- 
able for  Sewer- 
Drainage  Work, 
Steam  Trawleis.  &c. 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

Light  from  Kerosene  or  Petroleum 

without  Wick,  Smoke,  or  Smell 
at  less  than   One    Penny  per   hour. 

\ty. 
■  :v   Xapllia 
used. 
Thousands  sold 
Unaffected  by-    Wind. 

EACH 
No.  ii.  3  hours  1 1  -9 

No.  12A.  with  Tripod    13  9* 
No.  13.  5  hours  14- 

No.  13A.  with  Tripod  17/- 
No.  14.  -  hours  18/- 

No.  14A.  with  Tripod  197- 


Extra  Burners 
for  above, 
2  s.  each. 


NO    OUTSIDE    POWER    REQUIRED. 

LIME,    WHITING,  OR   COLD  WATER   PAINTS, 

Applied  at  a  speed   of  from  8  to  10  square  yards 
per  minute,  in  a  manner  superior  to  brush   work. 

One  coat  with  the  Machine  on  rough  surfaces  is  equal  to  two  appUed  with  brushes. 

Few   Days. 
£7 


Will   save   First   Cost   in   a 


No.  6. 
No.  4. 
No.  4A 

No.  5. 


Handy  Size.     Xo  Tank.     On  Wheels. 

Price,    with  5  ft  Pole,  Single  Spraying  Xozzle,  and 

20  ft.  Special  Aimoured   Hose.    Capacity  6  gals. 
Price,    with    Wheels.  5  ft.  Pole.  Single   Spiaying 
Nozzle,  and  20  ft.  Special  Armoured  Hose, 
Same  capacity  as  No.  4  Machine. 
With  5-ft.  Pole,  Double  .-praying   Xozzle,   and  20  ft. 
Special  Armoured  Hose.  Large  Size.      Capacity  iogals.     £10     1  OS. 
Can  be  fitted  with  Wheels,  25/-  extra. 


£8 
£9 


7s. 
10s. 
10s. 


A.   C.   WELLS    &    Co., 
00a,    Midland    Road,    St.     Pancras, 


WorKs  :  Cheetham,  Manchester 


LONDON.  N.W. 


WELLS'  "  LIGHTNING 

LIME  &  COLOR  WASHER. 


Wallwork  &  Wells 


*♦%*♦*»' 
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Miscellaneous 


THE   NEW  OFFICE  TYPEWRITING  PAPER  !!! 

(MADE    IN    ENGLAND.) 


Every  Sheet  bears  this  Watermark, 


If 


H®[F®03®  ©®K1®" 


Manufactured  in 

WHITE  and  FIVE  TINTED 

SHADES. 


Sole  Manufacturers  and  Proprietors :— 


LEPARD   &  SMITHS,   Ltd., 

29,  King-  Street,  Covent  Garden, 

LONDON,    WC. 


Instruct  your  Stationer  or  Printer  to  supply  this  paper  only, 
or  if  unable  to  obtain,  write  direct  to  us  and  we  will  gladly 
send  specimens    and    the   name    of    the    nearest    Stationer 

who   can   supply  youm 


A  LITTLE 

TOO   MUCH  HEAT . 

may  do 

MANY  POUNDS'  .    . 
WORTH  of  DAMAGE 


A 

comparatively 
inexpensive 

PYROMETER 

would 

have   avoided 

this  loss. 


ASK    FOR    OUR 
PYROMETER    LIST. 


The . . . 

Cambridge  Scientific  Instrument  Co.,  Ltd 

London  Office  :    92,    HATTON    GARDEN.  CAMBRIDGE. 
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"South  African  mines 
Commerce  and  Industries/* 

ESTABLISHED    1891. 

Published   Weekly  iu   Johannesburg, 

Price  6d. 

With   which   is   incorporated    the   old 
South  African  Mining  Journal. 

The  Official  Journal  of 

the  Chamber   of   Mines  and  of  the 

Government    Railway 

and  Agricultural  Department-;. 

and   is  the   leading  Technical    and 

Commercial  Paper  published  in 

South  Africa. 

Manufacturers  and  Merchants 

desiring  Trade  in  South  Africa  cannot 

afford  to  do  without  this  important 

medium. 

It  is  published  on  the  spot,  and  goes 

right  into  the  hands  of  the  buyers 

of  their  goods. 

"It  coven  the  whole  field  of  South 
African  Commerce." 

Advertisement  tariff  and  sub-^rription  rates 
can  be  obtained  from 

HECTORSON    &    CO., 

81,  Bishopsgate  Street  Within, 

London,  E.C. 

The  Sole  Agents  for  Great  Britain. 

^**^ 

;?' ,M«.  .Mj.  .JM.  ^f.  *3g, .?»«.  ^i*  ^f,  «V«£  ^»>U  ^'<.  .ji t,  414,  ,&f£ .},»«.  ^'«.  .Mg.  '£. 
------  ,. 


"New  Zealand 
Mines  Record/ 


PRICE    Is. 


|  A  MONTHLY  JOURNAL  issued  by  the  New 
Zealand  Government  Mines  Department, 
containing  information  respecting  the  Mining 
Industry  in  New  Zealand,  abstracts  of  Geological 
Reports,  Reports  from  the  Wardens  of  the  Gold- 
fields,  and  Reports  of  the  Inspectors  of  Mines, 
&C  &c. 


Copies  can  be  obtained  at  the  New  Zealand 
Government  Office,  13,  Victoria  Street,  S.W.,  and 
Messrs.  Eyre  and  Spottisv.ootje,  East  Harding 
Street,  Fetter  Lane,  E.C.  :  also  of  Messrs.  Street 
and  Co.,  30,  Cornhill,  E.C. 


He  who  works   with  bad  tools   is 
thrice  tired." 


FOR  WRITING 


the  only  perfect  tool 
is  a  .  .  . 


"SWAN" 

Fountain 
Pen. 


SOLD  BY 

STATIONERS 

and 
JEWELLERS 
in  all  parts 
of  the 
World 


PRICES 

10  6 
£20. 


1? 

^        writing  rapid  and  easy. 


The  gold  nib  makes 


*iSit?  "ft**  W  *W«*  "0$  W  <n&  -?t«*  *Ji?  it?  «ft«*  ti^^l^  t^/i^/fr  '/&  jp 


The  perfect  double-feed 
and  ink  reservoir  make 
dirty  inkpots  useless.       J* 


SUPPLIED  IN      Broad   easy  running  for  correspondence. 
ALL  POINTS.      Fine   for   draughting.        J*        J*        J* 

CATALOGUE    POST    FREE. 

MABIE,  TODD  &  BARD, 

93,  Cheapside,  LONDON,  E.C. 

BRANCHES:— 
95a,  Regent  Street,  W*. ;  and  3,  Exchange  Street,  Manchester. 
And  at  New  York.  Chicago,  and  Paris. 


J 
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Office  Appliances 


<*v 


^pHOfV£ 


"EXACTITUDL" 


^Filing  Systeav^ 


r  "- 


MMk 


■**iht 


*& 


**  THE   CO****0 

OF  A  /*\ODt*^ 


o 


TrtE  5HANN0NLTJ 

RoPEn*KER   .St. 


ONDON 


F.W.  ScMAFER 


/tL^I/IuOj  iUJ^/4., 


R[mm\& 


Card  Systems 


Are  you  reorganising  ? 


IF  SO,  WE  OFFER  YOU  OUR  SERVICES 
AS  BUSINESS  EXPERTS  AND  THE  IN- 
TRODUCERS OF  THE  CARD  SYSTEM 
INTO   THIS   COUNTRY. 


FACTORY  COSTS.— For  this  purpose  the 
Card  System  is  simply  indispensable.  We  can 
tell  you  just  what  has  been  settled  by  experience. 

DRAWINGS  AND  PLANS.— Why  not  have 
these  arranged  in  a  rational  sequence  for  con- 
sultation either  by  individual  plan  or  allied 
group  .- 

ELECTRIC    LIGHT    STATIONS. -Here 

we  can  reduce  the  trouble  and  expense  connected 
with  meter  records,  installations,  and  accounts 
to  an  absolute  minimum. 

TESTS. — Don't  copy  and  re-copy  figures  and 
diagrams.  Rearrange  the  cards  ;  it  saves  time 
and  effort. 


RESEARCH  WORK.— Even  a  small  card 
outfit  will  save  hours  of  drudgery  in  recording 
calculations  and  results  from  day  to  day. 

REPORTS.-CUTTINGS.-DATA— They 

may  be  of  different  sizes,  in  sheets  or  books. 
The  Card  System  offers  an  infallible  Cumulative 
Index  to  all. 

CORRESPONDENCE.— Why  not  have  the 
whole  or  any  part  available  at  once  under  a 
single  number,  and  avoid  cumbersome  transfers  ? 

TRAVELLERS.— The  Card  System  helps  them 
materially,  for  as  business  matures  it  is  indicated 
automatically,  thus  ensuring  a  call  at  the  crucial 
moment. 


FOR  FURTHER  DETAILS  YOU  ARE  INVITED 
TO  WRITE  TO  THE  LIBRARY  BUREAU,  Ltd.. 
10,  BLOOMSBURY  STREET,  LONDON.  W.C.; 
OR  TO  THEIR  BRANCH  OFFICES  AT  12, 
EXCHANGE  STREET,  MANCHESTER;  THE 
CITY  ARCADES,  BIRMINGHAM  ;  OR  UNION 
BUILDINGS,  ST.  JOHN  STREET,  NEW- 
CASTLE-ON-TYNE. 


89 


Business  -Systems 


\ 


3>o  9lot  Wait 

tihfi/  9lece<f<fitj/  SbriOed. 

Are  you  satisfied  to  do  your  work  on  lines  of  old- 
fashioned  necessity  ? 

Consider  the  Problem,  and  seek  the  Solution  in 
accordance  with  present=day  needs. 

Card  System  and  Vertical  Filing  are  no  longer  New= 
tangled  Notions,  but  form  the  basis  of  profitable 
methods  of  conducting  Business  Routine. 

Descriptive       Catalogues       Free, 

L.s.co.  (sK),  Bridge  House,  181,  Queen  Victoria  St.i.C. 


BUSINESS 
SYSTEM 

AND 

ORGANISATION. 


Modern    methods    specially     adapted     to 
every  business. 

Elimination  of  unnecessary  details. 

Maximum  results  with  minimum  effort. 

Leaks   stopped. 

Profits  increased. 

Simple  devices  economise  time. 


Write;— 
"BUSINESS    ENGINEER,"   c/o  "Page's  Magazine," 

Clun  House,  Surrey  Street,  Strand, 

LONDON,   W.C. 


?5 


.©MAKE)!'     Business  Systems 


Evenly  Balanced  Values  are  Saved 


ALABORA 


^_ 


When  your  Books  are  on     .     .     . 


The  K    Dade"  Perpetual  System 


Valuable  Explanatory  Literature  can  be  obtained  from 


The  TRADING  &  MANUFACTURING  Co.,  Ltd., 


Telegrams  :  "  DEVISERS,  LONDON. 
Telephone  No.  :  6514  CENTRAL. 


TEMPLE    BAR    HOUSE, 

FLEET  STREET, 

LONDON,    E.C. 


Branches:     BRISTOL,   LEEDS,    and    MANCHESTER. 


M 


VERTICAL  FILING  and  CARD  INDEX  SYSTEMS  would  also  interest  yon. 
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Office    Appliances 
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as 


®1MM)T     Office  Appliances 


The  LYLE  DOSSIER  FILE  preserves 
the  individuality  of  each  subject,  and 
gives  perfect  reference. 

THIS   IS  WHAT  YOU  WANT 


Apply— 


THE  LYLE  COMPANY,  Ltd., 

HARRISON  STREET,  GRAY'S  INN  ROAD,  LONDON,  W.C. 
94,  MARKET  STREET,  MANCHESTER. 
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Business  Systems 


GET  IT  DONE ! ! 

WHAT  ? ? 

Your  Work 


QUICKLY, 

NEATLY, 

CORRECTLY, 


HOW     •     •         KSK" •   ^  Cheaply 


By  applying  to  us.  We  supply  all  the  wants  of  an  up-to-date  business  man,  and, 
in  many  cases,  can  make  suggestions  that  are  invaluable  to  him.  WHY  go  on 
doing  your  work  in  the  old-fashioned,  played-out  way.  OTHERS  are  taking 
advantage  of  new  methods,  and  so  must  you,  if  YOU  want  to  keep  in  the  running. 

Our  Card  Index  System  saves  you  from  25  to  50  per  cent.  This  is  not  an 
open  statement,  but  has  been  proved  by  the  many  thousands  who  are  now  using 
it.     There  is  no  time  like  the  present,  so  if  you  are  going  to  get  out  of  the  rut 

DO  IT  NOW. 


We  issue  an  interesting  line  of  Cata- 
logues, any  or  all  of  which  we  will  gladly 
■end  on  request. 

100.  Wabash  Vertical  Files. 

101.  Wabash    Sectional    Filing    System. 

102.  Wabash  Perpetual  Card  Ledgers. 
104.    Wabash  Card  Index  System, 


ROCKWELL- WABASH  CO.,  L£> 


Manchester  Office 

50,    DEANSGJ 
DEANSGATE. 


1  arcade,        69j  M|LTON  STj  LONDON,  E.C. 
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Do  You  Find  It  Difficult 


/ 


* 


W^ 


TO    OBTAIN 

NEW 

BUSINESS? 


If  so,  you  should  let  us  get  you 
up  a  unique  and  attractive  Cata- 
loguc.    Good  Printing  will  help  youm 


SOUTHWOOD,  SMITH  &  CO.,  Ltd., 

ARTISTIC  PRINTERS, 

PLOUGH  COURT,  FETTER  LANE, 

LONDON,  E.C. 


M|~  if 


ms 


H — rxir 


MMS&n      Time   Recorders 


ML  it 


' Ill 


■ni"'  Hi 


COST=KEEPING. 


,0* 


This  Side  Out. 

OOST   CARD.  J   """^  ^c 


For  Full  Particulars,   write 


International  Time  Recording  Co., 


171,  Queen  Victoria    Street,  LONDON,  E.C., 

And   19,  Waterloo  Street,  GLASGOW. 


,/. 


Time  Recorders 

k , ■  T , _ 1 ,JU 


EMPLOYERS    OF    LABOUR 

Can  save  at  least  5°  o  ON  THEIR  WAGES 
BILL,  and  thousands  of  employers  do  so  by 

the  use  of  the 


fti 


Dey  Time  Registers 

which   are    automatic    machines     for   registering 

the      hour      and     minute     at     which      Employees 

start   and   finish   worK. 


They    are    of   British    Manufacture    Throughout. 

They  are  absolutely  the  best  Time  Recorders  in  the  World. 
They  are  the  cheapest  up-to-date   machine  on  the  market. 

They  are  guaranteed  perfect  in  every  detail. 
THEY    COMPEL     PUNCTUALITY. 


The  "Dey"  time  and  wages  sheets  combined  do  away 
with  time  books,  wages  books,  and  save  90 8  -  of  clerical 
work.  They  are  adaptable  to  every  requirement,  no  matter 
how   complicated. 

A  firm  using  15  machines  ■writes  :  "We  shall  be  sorrv  when  we 
change  the  boiler-shop  machine,  as  it  was  one  of  the  earliest,  and  has  had  the 
roughest  of  usage  together  with  the  maximum  of  vibration,  and  rudest  of  shocks  : 
but  it  has  gone  on  working  the  whole  time  (nearlv  six  years)  night  and  day,  and 
when  it  goes  to  you  for  repairs,  it  will  be  the  first  time  it  has  been  in  the  infirmary." 


Full  particulars  from  the  Patentees  and  Manufacturers  :— 

HOWARD    BROS., 

10,   St.    Georges    Crescent,    LIVERPOOL. 

Telegraphic  Address:  "Soots,  Liverpool."  Telephone:  7150  Liverpool. 

London  Offices  :  100c,  Queen  Victoria  Street,  E.C. 

Telegraphic  Address:  "  Coix  table,  Loxdox."  Telephone:  5690  Bank. 
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Miscellaneous 


JOHN  SWAIN  <S  SON,  Limited, 


PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


MACHINERY 
REPRODUCED  IN 
HIGHLY   FINISHED 
STYLE  FOR 
ENGINEERS'  AND 
MANUFACTURERS' 
CATALOGUES. 


WOOD  ENGRAVERS  AND  ART  REPRODUCERS  by  all  the  Latest  Methods.  Three-Colour  Process— a  Speciality 

58    FARRINGDON    STREET,    LONDON,    E.C.         West  End1S.eessfRAND,  w.c. 


WEEKLY. 


ILLUSTRATED. 


PRICE  6d. 


THE  SHIPPING  WORLD 


Written  by  Experts. 


Illustrated  by  Artists. 


ANNUAL  SUBSCRIPTION,  UNITED  KINGDOM      21s. 
OTHER  COUNTRIES 28s. 

Contains     the     best    and    most    informing     illustrated 
literature   regarding 

Naval   Architecture. 
Marine    Engineering. 
Commercial  &  Shinning 
Questions  of  the  Day. 

THE  SHIPPING  WORLD,  Ltd., 

Effingham  House,  Arundel  St.,  Strand, 

LONDON,  W.C. 


Crown  8vo,  cloth  (over  1,200  pages). 

Price,  United  Kingdom,  5s.,  Foreign  Countries,  6s. 

Post  Free. 


SEVENTEENTH     YEARLY     EDITION. 


THE  SHIPPING  WORLD 
YEAR-BOOK 

Edited  by  MAJOR  EVAN  ROWLAND  JONES. 

CONTAINING 

The  Tariffs  of  all  Nations  ; 

A  Port   Directory   of  the  World  ; 

A  Digest  of  Merchant  Shipping  Acts, 

&c,  &c. 


To   be   obtained   at    THE     SHIPPING    WORLD 
Offices,  and  from  all  Newsagents. 


Miscellaneous 


WALTER  JUDD,  LTD.,  MAKE  A 
SPECIALITY  OF  ENGINEERING 
FIRMS'  ADVERTISEMENTS,  AND 
ARE  PREPARED  TO  SUDMIT 
ESTIMATES  AND  DESIGNS  FREE 
OF    CHARGE. 


Telephone    No.  : 

976     BANK. 


Ml* 

f^P^w^J^w! 

F 

In  d  ex 

of       the 

Technical 
Press 

*#w ^V* 

SriNDExHf 

»tj  PE   LA  y(> 

^       PPVESSE     P 

ft  Technique  & 


IT  IS  IMPOSSIBLE  TO  READ  EVERY= 
THING  THAT  IS  PUBLISHED  REGARDING 
YOUR  SPECIALITY,  BUT  YOU  CAN  KEEP 
IN   THE   RUNNING   BY    CONSULTING   THE 


Index  of  the 
Technical  Press 


AN  INDEX  OF  THE  PRINCIPAL 
ARTICLES       PUBLISHED       BY 


The  Engineering  Press 
of  the  World, 

II,  Queen  Victoria  St.,  London,  E.C. 


Miscellaneous 


CONTRACTORS  TO  H.  M  GOV  ERNMENT.  FOREIGN  GOVERNMENTS   HOME  &  FOREIGN  RAILWAYS. 

''VC/ir,  riRMS    ESTABLISHFn  „  n<=,- 
C°"PORATIHC   F^"'3                                 tDOl/£R    |O0Yt^ 
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West  Grove  Mill, HALIFAX 
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:ess:  "FLEMING,  HAU 
Telephone   No.  48   Halifax. 


I 


l^^^^^^^^^ff^^^^^f^v^^m^^ 


Large    Stocks   of    SHAFTING. 

Plummer        LgS^I     Couplings, 
Blocks,  f  #     k  Pulleys, 

&c, 


ARE    KEPT    READY    FOR     IMMEDIATE     DELIVERY. 

BRIGHT    TURNED    STEEL    SHAFTING. 

Diameter    -        -        -         iiin.  2in.  2iin.  .Vm. 

Prices  per  foot-        -        -         8*d.  1/1  1/7  2  2 

Illustrated  "B"  Department  Catalogue  will   be   sent  Post  Free  on 
application  to 

JARDIIME,    Nottingham. 

British  Steam  Specialties,  Ltd., 

LEICESTER,  &  73,  FARRINCDON  RD.,  LONDON, 

E.C. 

No.  1.     Standard 

Globe  Valve. 

Jin.  tin,    ijin.    ijin.  2111. 

4/-    5/6     9/-      »/°    "'/- 

No.  2.     Renewable 

Disc  Globe  Valve. 

|ln.  mi.  1  ',in.  1  '"I.  lin. 

5l<,    -/-    10/-     i.</-    20/- 

No.  12.    Standard 

Fullway  Gate  Valve. 

lin,  tin.  ijin.   ijin.  aln- 

4/-       0/-        «/-  H/ ■        I''/ 

LIBERAL  DISCOUNT. 


VALVES 


ALL 
TYPES. 


W.  WATSON   &  SONS' 

Engineers'  Photographic  Outfits. 

Specially  designed  and  selected  with  particular  reference 
to  the  varied  requirements  of  all  classes  of  .   ,  . 

Marine,    Mining,  and   Mechanical 
Engineers,  Ship  Builders,  6c. 


INQUIRIES 
SOLICITED 


••"  A  Photographic 
Outfit  is  now  an  abso- 
lute necessity  in  all 
engineering  works,  and 
we  have  fitted  up  many 
of  the  largest  firms  in 
the  Kingdom. 


Full  Photographic  Catalogue  (200  pages)  00  application  Department  I. 


W.    WATSON     «S    SONS, 


313,    HIGH    HOLBORN,    LONDON  ; 

And    16.    FORREST    ROAD.    EDINBURGH. 


Opticians  to  H.M.  Government. 


ICO 


WASTE  HEAT 


FROM 


STEAM    BOILERS 


Should 

be 

THROWN 

AWAY. 


Gives  INCREASED 

EFFICIENCY, 


In   COAL 


E.   GREEN   &   SON, 


It's 

Valuable 

and 

can   be 

Utilized. 


icture  I 


This     Pict 
explains 
how     it's 
done. 


Write  us. 

We'll   advise 

how  to  convert 

this  Loss 

into    Gain. 


—^cy 


LTD., 

Wakefield, 


Telegrams:  "  ECONOMISER." 


Also  at  LONDON.  MANCHESTER, 
and  GLASGOW. 


The  INDIA  RUBBER,  GUTTA  PEECHA  4  TELEGRAPH  WORKS 


Co.,  Ltd., 

Offices : 
106,  Cannon  St., 
LONDON,  E.C. 

3 

Works : 
SILVERTOWN, 
LONDON,  E. 


1  POWER  GAS  CORPORATION 

39,  VICTORIA  STREET,  LONDON,  S.W.,  and  STOCKTON-ON-TEES.       LTD" 

Producer=Gas  Specialists, 

And   MANUFACTURERS  of 

PRODUCER-GAS  PLANT  for  POWER  &  HEATING, 

WITH    OR    WITHOUT    AMMONIA    RECOVERY, 

under  MOND,  DUFF  Si  TALBOT  «™. 


Printed  for  the  Proprietors  by  Southwood,  Smith  &  Co.,  Limited.  Plough  Court   F 
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